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ABSTRACT 

The fourth in a series of Rand reports on information 
transfer problems of the partially sighted reviews earlier reports 
and describes an experimental secretarial closed circuit TV (CCTV) 
system which enables the partially sighted tq type from a printed or 
handwrit+en manuscript. Discussed are experiments using a pseudocolor 
system to determine the most suitable color of print and background 
for use with the CCTV. Reading rates for normally sighted people 
using the CCTV are "the focus of additional research reported. A final 
section compares the results and administration data for four methods 
of detecting visual color deficiencies,, including the modified 
Tarnsworth Dichotomous test for Color Blindness. Appended is 
information on the chromaticity of the Conrac color TV monitor. 
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PREFACE 



This is the fourth in a series of RanJ. l eports.under the project "Information 
Transfer Problems of the Partially Sighted," sponsored by the Social and 
Rehabilitation Service of the U.S. Department of Health, Education, and Welfare. 
The three earliej reports cover the major areas of research undertaken as part of 
this project. A brief summary of the content of those reports is given here. No 
attempt has been made, however, to synthesize the content of the earlier reports 
with this new, previously unreported material. 

The present report contains the results of four icsearch efibrts not reported 
earlier. While these efforts did not reach the level of completeness of the other 
studies, they produced results that should be of interest to others doing rebearch on 
problems of the partially sighted, as well as tO those who provide that population 
with more direct services. 

The first of the lesearch efforts included here involves the design and 
construction of an experimentar closed circuit TV system that allows the partially 
sighted to type from a printed or handwritten manuscript. It is aimed at assisting 
in the design and fabrication of new systems or devices that would helo the partially 
sighted to cope with some^^of their more formidable visual information tranbfer 
problems. The other three research efforts discussed here were part of a supportive 
research program aimed not at producing results that would lead to the immediate 
improvements of aids for the partially sighted, but rather at shedding light on 
important problems that may take years tojbe satisfactorily resolved. 
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SUMMARY 



This report begins with brief-summaries of the three Rand reports that have 
ah-eady conveyed the major results of this project to its sponsor, the Social and 
Rehabilitation Service of the U.S. Department of Health, Education, and Welfare. 
Section II describes an experimental secretarial closed circuit TV (GCTV) system 
that was designed and fabricated as part of the project and that permits the partially 
sighted to type from a printed or handwritten manuscript. With it, users see a 
hori/ontall> split image on a TV monitor o^f pertinent portions of the manuscript and 
of the typewriter platen as they are typfng. 

Section III describes the pseudocolor system we bought for use in this project, . 
how thatsystem has been used to make an in-depth study ofthe gray value and color 
benbitivity of two partially sighted subjects with profoundly different eye disorders, 
and what might be done if this research were to be continued. 

Section IV discusses an important experimen,tcarried out to determine how the 
reading speed of normally sighted people, u^ng an individualized CCTV system for 
the partially sighted, varies as a function ofthe number of alphanumeric symbols 
that span the system^s monitor screpilT 

Finally, in Sec. V, four me^liods for detecting or determining visual color 
deficiencies are described, inddding an interesting^niodification of the Standard 
Farnsworth D-15 Test and a^creening technique of our design. 
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1. INTRODljeTION 



This is the fourth and fmfil report on activities carried on with grant No. 
14-P-55846/9 entitled "Infofmation Transfer Problems of the Partially Sighted** 
from the Social arid Rehabilitation Service of the U.S. Department of Health, 
Education, and Welfare. The first three reports, which cover the major areas of 
research in thi^project, are summarized below. - 

BpWJCULARS REPORT 

The first report* in this series examines the value of binoculars as a visual aid 
for the partially sighted. It points out that this aid has been long ignored by clini- 
^ cians and others who serve the partially sighted. Binocularb are bimple to operate, 
easily obtainable, and relatively inexpensive. Further, they can be used by the 
partially sighted in the home, at school, at work, and while relaxing. 

The author of the report is himself partially sighted and has used binoculai^s in 
many ways, including the following: 

• To determyie the status of a traffic light. 

• To take notes on or copy from a' chalkboard. 

To determine the number and destination of a bus. 

• To ascertain" a street address. 

• To locate an article that has become visually misplaced. 

• To watch a ball game. 

• To determine the nature and price of merchandise, 

• To watch a movie or television. 

• To determine what friends and family really look like. 

The report points out that some partially sighted people, and particularly those 
who are myopic, will find that they can use binoculars that magnify as much as 
twenty times without much difiiculty. While sealed in an automobile, they can use 
binoculars that magnify eight or ten times, for example, to view objects passing by, 
without experiencing any physiological disconifort Further, highly myopic people, 
who use binoculars whose prisms do not have a large index of refraction, will find 
that they can see one or more fiices of these prisms, and, even more interesting, that 
the> can see forqign matter, on the internal optical surfaces, that completely eludes 
the ncrmal eye. o 

The report also explains how supplementary simple lenses placed over the 
objective lenses of a pair of |)inoculars can be used to bring objects into.sharp fbcus 
outside the normal operating range of the binoculars, and, in particular, at short 
distances. Further, some partially sighted people, including the author, need to use 
a corrective lens over one or both binocular objectives to bring distant objects into 
sharp focus. (The need for this correction probably increases with age.) 

\\ 1 J02 HKW, Nu\ ember 1 973, *)lsu published in /\ merit <in JuurnalofOpUntwtn und Ph^stulu^uul Op(l(^. 
Vol 51. No 9. November I97.J, pp 618.670. 
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The author has compared binocuhus with monoculars and hab found that the 
foi-mer i\v4 much easier to hold steady for long periods of time. The report also 
discusses the virtues and drawbacks of /.ooniing binoculars, controllable internal 
irises, and telescopic spectacles. 

Finally, the author points out that although his experience with binocular^ may 
not be representative of all partially sighted people, he encourages clinicians to 
acquire a thorough knovviedge of the aid and its potential for his partially sighted 
patients. If this know ledge is th<Mi applied tu recommending and presci ibing binocu- 
lars for the partially sighted, the visual horizons and capabilities of these people 
dould be greatly expanded. 



ICTS REPORT . 

The second report^ describes a highly interactive teacher-student, closed-circuit 
TV system, also referred to as an interactive classroom televis>ion s>stem < ICTSk that 
was designed and fabricated by the project staff in 1973. Thi^ multicamera-nuil- 
timonitor instrument was proof-tested for its reliabilit> and design rationality dur- 
ing the 1973^4 academic year in an elementary school resource room for partially 
sighted, mentally retarded, and hearing impaired school children. The system per- 
mits the teacher and her handicapped students to be in vontinuous uHmihummum- 
cation ivjth one another. It w^-)^ originally built to satisfy the need Tor continuous 
visual links between partially sighted students and their teachers, and in that 
capacity, the system has al ready slwwn great promise, the system is currently bemg 
used primarily by partially sighted students, some.^f whom have additional hand- 
icaps. 

The ICTS has four stations, each consisting off 1 1 a black and hite TV monitor 
and stand; f2) a down-pointing black and white TV camera that generates images 
with normal or reversed contrast (i.e., black on white or white on blacki sulected by 
a switch on the front or underfacc of the camera, *3) a 5 to 1 zoom lens w ith a close-up 
adapter;M4)a heat shielded lightsource; (5) an X-Y Platform with adjusti^ble margin 
stops in the x-direction and frictional control in the N-direction, and i6i a stand that 
accommodates the TV camera, the light source, and the X^Y Platform, In addition, 
each station is provided with a switch that permits its light source to be turned on 
or ofi; another switch that allow^s powder to flowor tobecut offfrom all ofthe station s 
electrical components, and an amber light that, when illuminated, indicates that the 
image displayed on the station s monitor is also being disijlaved on the room mon»- 
tor. 

The system includes a ceiling-mounted, roonvviewing black and white TV cam- 
era equipped with a 10 to 1 7,06m lens, a black and white room monitor, a cassette* 

" S ,M Gonensky, \ l hi Potei-sen, \l \ Yoshimura. .) B von der l.iviK H W CloweU. and 11 h 
,Mo>hi». Inhratlut CUts^rmm TV S\stem for the IhnduapimL The Rand ( oriKiratuuu H lo»J7<lli:W. 
4ime 197't • ^ ' 

* The 70<)m lens pornuts the ^^er to \ar\ iho niajjnification ofthe imaK'<'i<p|HMrinK"n the TV niunitur 
over ^ome specifk^ ran^o b\ niereiv turning,' the appropiiate nnj; on the len^. Fui example, a 5 tu I mhhw 
!en^ permits the user to w^ry the maj^nilicatiun of an imago h\ as much t»> five time> The exact range 
o\er which magnification occurs ls a function of man \ tactur.^^ including the lens con>tnictnjn. tlie 
monitor >wi\ and whether >upp!ementar\ leiibet. aroused tu change the hmit> ul the magnification range 
or tij permit the /.oom lens to focus at shorter distances tlian it was originalh coii>lructed (ur 



type videotape recorder, a master control unit, a room camera control unit Ihv the 
ceiling-mounted camera, and a teacher*s channel selector. 

Each of the camera-monitor stations is located on its own table. Three of these 
stations are specifically for use by students and the fourth is for use by the teacher, 
although it is sometimes used by a fourth student. . ^ ^ 

The master control unit is located on the same table as the teacher s camera- 
monitor station. With it, the teacher is able to present on any one of the four 
desk-supported TV monitors, independently of what she presents on any other 
monitor, the following pictures: 

1. A full screen image of w^hat any one of the five cameras is viewing or a 
videotaped pjcture. 

2. A horizontally split image of wliat any two of Ihe five cameras are viewing 
or a videotaped picture and what any one of the five camei;as is viewipg. 

3. A full screen superposition of what any two of the five cameras are viewing 
on a taped image and what any one of the five cameras is viewing. 

With this capability the teacher is able to work simultaneousl}^ with as many as 
three students, and if she chooses to work with fewer than three, she is still able to 
assign tasks, using the ICTS, to students with whom she is not working. These tasks 
ma> involve the students working alone or with occasional observation or guidance 
from the teacher. '\ 

Using the teacher s channel selector, the teacher car; view individually bu^ In 
any order on her own nionitor whatan> of the students is seeing on his monitor. 
With this capability, she can, for example,.point out mistakes to students individual- 
ly, without going to their desks. Like^y^se, she can detect studentsuccesses and when 
appropriate display them on other student monitors while complimenting the good 
work. ' . 

The room camera control unit, like the master control unit and the.teacher*s 
channel selector* is located on the teacher s desk. With it, the teacher can cau^e the 
room-viewing camera to pan and tijt and. present a positive or n^'^gative image (i.e., 
black on white or white on black) on o^e or more TV monitors. This unit also allows 
the. te^lther to control the opening of the zoom lens, bring objects into focus, and 
change the magnification provided by ihe lens. 

The videotape recorder is used by the teacher to record visual interactions with 
her students, to prepare taped lessons, and to display these lessons as well as other 
taped material. ' ^ 

With the ICTS, handicapped children and in particular those who are partially 
sighted are able to see their teacher writing while she is at her desk or at a chalk- 
board. No'longer is it necessary for her partially sighted.students to ascertain \yhat 
she has written after she has completed writing and after she has given an explana- 
tion of what s^e is writing. The ability to see what a teacher is writing while\she 
is actually writing and explaining what she is domg 'is a vital factor in a stude\it*s 
ability to fully comprehend what is being taught \ \ 

In addition, the ICTS permits students, while seated in a comfortable and natu- 
ral position, to work alone at camera-monitor stations. They can, for example, r(|ad 
ordinary printed and handwritten material, write with a pen or pencil and cari'y 
on utiier activities that require precise eye-hand coordination.* I 

Like the currently available individualized closed cfrcuit TV systems for the. 
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^{iartially sighted, the ICTS's cameras and monitors also permit the control, by 
teacher and students, of image brightness, contrast, pohirity, and magnification to 
a. far greater extent and with much greater ease than is possible with pure optical 
de\ ices. Although pure optical systems can provide the same degree of magnification 
as CCrV systems, unlike the latter they must be kept at a rather precise distance 
from the vieued object to keep it in focus, especially at high magnifications. Further, 
unlike CCTV systems, pure optical systems are incapable of reversing image con- 
trast, and hence are unable to provide partially sighted users with an image of print 
that scatters less light and that provides illumination from the information rather 
than fr^m the background on which it is printed. The absence of these two con- 
straints; oh pCTV systems makes them.more attractive to the partially sighted than 
pure optical\:^tems. Further, focus problems and lack of contrast control are the 
cause of much ofsthe fatigue experienced by partially sighted people when trying to 
read with the aid on)ure optical devices for long periods of time. One other advan- 
tage of GCTV system^)ver pure optical systems that has proved invaluable to the 
partially sighted is theiV^bility to erihance both the brightness and contrast of a 
vie-ued object. \Vith this cii[>^bility and that of contrast reversal, the partially sight- 
ed are nou able, for example, liQ^iew low contrast printed or handwritten material 
in an image that is bright, has l^igh contrast, and that minimizes glare. 

It should be noted that the ICTS has been in use in a classroom for over 12 
academic months andlhat, during thab<ime, it has been out of operation only one 
da\ due to equipment failure. Occasional ly^he teacher has reported thatsome part 
or parts of the system are not functioiiing,.bmsWith the exception just noted, these 
malfunctions have been corrected by merely flipping a switch, plugging in a cable, 
opening a lens, or removing a lens cap. , - - 

The original grant application did not call for designing, building, and .proof- 
testing an ICTS. The ICTS concept grew out of an accumulation of our research 
experience before and during the early months of this project, ^rmission to proceed 
with the design, construction, and proof-testing of such a system v^s granted by Mr. 
James F Garrett and Dr. L. Deno Reed after hearing about it audits potential for 
the partially sighted from the project leader. The foresight and flexibility of Mr. 
Garrett and Dr. Reed coupled with the enthusiastic and competent work of the 
project stafFled to the design.and construction of the system. Much is also owed to 
Drs Frank Taylor and Robert Stillwell of the Santa Monica Unified School District 
for permitting us to proof-test the ICTS in one of their classrooms for handicapped 
children, and to Ms. Jadeane von der Lieth for her enthusiastic acceptance and use 
of the system in her classroom. 



DOUBLE X-Y PLATFORM REPORT 

The third, report* de.scribes a mechanical platform called a double X-Y Plat- 
form When this platform replaces a single X-Y Platform as part of a closed circuit 
TV system for the partially sighted, it permits the user to read printed or handwrit- 
ten material and to take notes on or copy from that material using a pen or pencil. 
The platform has two rectangular working surfaces whose motiong^nn the lefl or 

* S M Genensky.-Ml E. Petersen. ]l VV CleweU, and II L. iMo.shFn, A Double X-Y Phtform for 
!b\S'l)SIGHT'T\pe !nstrumenth\ The Rand Corporation, IM614^HK\V, Dccombor 1974 



right direction (x-directioh) arc completly coupled, but whose mQtion$ toward or 
away from the user (y-direction) are completely independent of one another. This 
design feature allows the user to change from reading (writing) to writing (reading) 
without having to search for the line that he was last writing (reading}. 

Other techniques for handling this important information transfer problem 
have been explored and are also described in this report. However, they do not 
appear to be as costeflective as the double X-Y Platform. 

A series of experiments was carried out with the cooperation of four partially 
sighted subjects who diflcied in age and ocular pathology. These experiments were 
an attempt to determine whether copying from unbound and bound materials using 
a CCrV system equipped with a double X-Y Platform can be expected to be more 
rapid than copying from similar materials using a-GCTV system-equipped with a 
single X-Y Platform, or using neither an X-Y Platform nor a GCTV system. The 
results of these experiments were notconclusive. However, three of the four subjects 
reported that they could copy more easily with a CCTV system equipped with a 
double X-Y Platform than they could using either of the other two techniques. 

THE PRESENT REPORT 

The present report, unlike the other reports, describes research efforts that on 
the whole can be regarded as incomplete, but that were carried out as part of this 
project. It is not surprising that some of the project activities were not completed 
by the termination date of the present grant, because time, staiT, and money con- 
straints rarely allow us to be as comprehensive in our woi'k as we desire. Even so, 
this reportdoes describe activities that have progressed far enough to have produced 
interesting results. For example, an experimental secretarial CCTV system has been 
designed and fabricated that permits a partially sighted person to type from a 
handwritten or printed manuscript. The system does not, however, permit the user 
to do as much as we would hope for. 

In addition to the secretarial CCTV system, this report describes (1) the progress 
that has been made in examining the visual color sensitivity of two partially^sighted 
subjects who have quite diffeient ocular pathologies using a rather sophistfcated 
pseudocolor generator; (2) an experiment carried out with' the help of normally 
sighted subjects to determine how rapidly they could read with a CCTV system for 
the partially sightedj and (3) various tests of color sensitivity used on 19 partially 
sighted subjects, including a modification of the Parnsworth D-15 color sensitivity 
test that is as accurate as the standard test but that is easier fur the partially sighted 
to cope with, because it .is" less taxing on their eyes. 
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INTRODUCTION 

One of the informalion transfer probienio explored under the present grant 
(14-P-55846/9) was that of helping the partially sighted to type from a handwritten 
or printed manuscript. Although CGTV systems are currently commercially avail- 
able that permit a partially sighted user, via a simple attachment, to view on a TV 
monitor a portion of the typewriter platen (including the characters that havie jubt 
been typed), to our knowledge no one has ever before built a CCTV system that 
permits a partially sighted user to view pertinent portions of both the typewriter 
platen and printed or handwritten material that is to be typed. But even our experi- 
mental instrument is not as versatile as we would hope for. For example, like the 
currently available CCTV systems with typewriter attachments, itcan be used only 
with typewriters with carriages that move to the lell or right as typing proceeds. 
Further, the instrument permits the user to type only from printed or handwritten 
material that can be fed page by page into the system s Copyholder. Despitp these 
limitations, however, the system does work well. 

We gave some thought to a system design that involved the use of two cameras 
—one for viewing the typewnter platen and the other for viewing the material to 
be typed. Such a system might, for example, present a horizontally split image on 
a TV monitor screen, one part of which might display a pertinent portion of the 
typewriter carriage and the other a pertinent portion of the material to be typed. 
Or, via a foot-operated control, it might present alternately full screen images of 
both of these areas of interest. Such a system might be able to cope with the problem 
of typing from both bound^and unbound material. We decided not to pursue this 
approach, because we felt that the resulting, experimental instrument would be 
considerably more costly and more difiicult to operate than the one we did design 
and fabricate. This instrument made use of the expm^nce we had gained in our 
examination of optical image splitting techniques during the early months of the 
project. _ " ^ 

evolution of the instrument we have designed and fabricated may somecfay 
permit adventitiously partially sighted peopje (1) to continue in jobs that they had 
before suffering a sight loss and that call for the ability to typefrom a printed or 
handwritten manuscript, or (2) to be trained to handle jobs that they had not held 
before their sight loss and that call for this typing skill. The same or a similar 
instrument would be of vVlue to partially sighted students, authors, etc. 



DESIGN OBJECTIVES 

In our opinion an idecit secretarial CCTV. system would include at least the 
following features: 
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1. A monitor display that permits the user to view pertinent portions of both 
the material to be copied and tHe typewriter platen. 

2. A structure and optical design that does not interfere with the normal 
operation of the typewriter, 

3. Controls that.are simple and that are operated in ways that are natural, 
comfortable, and not confusing. 

4. A mechanism that permits simple and rapid conversion of the system, 
back and forth, from a copying mode to a reading and writing mode. The 
latter mode and a simple typing mode are all that are now available in 
commercially produced CCTV systems. 

5. A system design that permits use of the typewriter by anyone who is able 
to type, and that permits the typewriter to be removed and.used independ- 
ently of the-rest of ll?e system. 

6. A system design that allows the use of any make or type of typewriter. 

7. A system design that permits the user to type from all types of bound and 
unbound printed or handwritten material. 

8. .A system design that aUows corrections to be made easily and pages to be 
- aligneB without difficulty. 

Our current experimental system satisfies the first, second, third, fiflh, and 
eighth criteria. We believe the^fourth criterion is a very important one, and one that 
could be satisfied as part of a future research project. Althoughxriteria 6 and 7-Could 
be satisfied, the commercial evolution of a prototype system that met these criteria 
probably would be very expensive. As indicated earlier, v^hat would be needed to 
satisfy criteria 6 and 7 is a system that, in addition to what the current system is 
capable of doing, would track and present an image of typing elements that move 
across a typing platen as typing proceeds and that would accommodate and present 
an image of bound as well as unbound material to be copied. 

r 

DESIGN APPROACH j 

After working out some design-approaches, we carried out simple simulations 
to test the viability of these approaches and to uncover any unforeseen problems 
that a user might encounter in trying to work with a system whose design was based 
on these concepts. For example, the viability of using a motor to move a copyholder 
from left to right and from right to left was examined using randsight® II, a 
bybtem designed and built with funds provided by a previous SRS grant (14-P-'55285/ 
9)/ This investigation revealed that (he approach was indeed workable, but that 
some care would be needed in the placement and the selection of the controls that 
would drive the copyholder across a line and from^line to line, in order not to confuse 
the typist and to simplify his handling of these controls, 

* M. Gcaensky. Petersen, H. L. Moshin, R. VV, Clewett, and R. I. Yoshimura, Ac/cancos u\. 
C/uM'J Circui/. IXSy^Wm^ for the Pnrludly Sighted, The Rand Corporation, R-1040 IIKW/HC. Aprili972. 
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THE IMAGE SPLITflNG SYSTEM 

Figure 1 shows the major parts of an image forming system in a schematic form. 
This figure will be ofaid jn explaining the principles of the operation of the image 
splitter and will help to point out major design considerations. 

This simple diagram demonstrates how a real image is formed by a lens, on the 
front face of the vidicon tube (op photo surface) in a TV camera. Line AA, is a 
centerline passing through an pbject plane BC, a lens, and an image plane B,C,. The 
solid lines r indicate the cone of light rays radiating from point B of the object plane. 
These rays are gathered by the len's and refracted to converge at point B, on the 
image plane. The broken lines iaidicate similar rays radiating from point C and 
converging at C|. The fact that from any pointalong the object plane radiating light 
rays are refracted.)Dy the lens^to converge at an equivalent point of the image plane 
explains the formation ofa Veal ihiage by a simple lens. Incidentally, as indicated 
by tl.- diagram, the image has been reversed, and its size is proportional to its 
•^distance d| from the lens. The size of the image B,C, is related to the size of the object 
BC thi=ough the formula 

B,C, ^ (d,/d;fBC). 

As is well known, the camera lens is used to collect light and to focus an image 
on the camera's focal plane. For a fixed lens and fixed image.plane, the images of 
objects that are in front of or behind the object plane are somewhat defocused. the 
degree to which they are^defocused depends on how far they are from the object 
plane, the characteristics of thelens (e.g., its opening or aperture), and the distance 
from the lens to the object plane. 

Lens defocusing is important when we consider possible image splitting geome- 
tries For example, suppose our"object of interest consists of portions of material 
printed on two pieces of paper locatedin two different places, and we want to be able 
to view these portions simultaneously via the lens and TV camera system. Let us 
call one of the pages "the copy" and the other "the output." One method would be 
to cut out portions of the material we wished to see, paste them on a piece of 
cardboard, and place the cardb'OardVh the object plane. In this way, a sharp image 
of the materials of interest could be obtained, but this solution to our problem is 
impractical for obviourreasons. ' , 

Let us change the arrangement slightly by introducing a thin mirror and by 
locating the copy and output as shown in Fig. 2, There are now two object planes, 
and if they and themirror are arranged.properly,_the images formed from each will 
*be in sharp focus. By "arranged properly*' we mean that if the mirror is inclined at 
an angle (}> wfth respect to the first object plane, the second object plane must make 
an angle 2(f) with respect to' the first object plane. 

Further, the mirror collects ray$ from the second object,plane and, via the lens, 
brings them io a focus in the image plane corresponding to the image of the first 
object plane. If the mirror were not present, none of the rays emanating from AC 
that would normally be reA'acted by the lens would be blocked, and none of the rays 
emanating from the second object plane would be brought to a focus by the lens. 

Although this arrangement, in general, leads to sharply focused images of the 
copy and the outpuf, it does not provide a sharply defined boundary between these 
images and in fact creates an overlap of the upper and lower images in the vicinity 
of the split (which in this case occurs near the optical centerline shown in Fig, 2). 
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Figure 3 diagrams the explanation of this gradation and overlap. The solid lines 
r indicate the cone of light radiating from' point F of the object plane that afler 
passing th:*ough the lens converge to point F, of the image plane. The broken fines, 
indicate light from point A, and the dashed lines light from point G, which is brought 
to a focus at points A, and G,, respectively. If an opaque object M, such as the back 
of a mirror, is inserted into the system between the lens and the object plane BC, 
and the mirror's upper edge is at distance d. from the objectlplane, and if that edge 
touches the system centerline AA, at X, we find that allXhe llghtCradiating from the 
area CG is blocked by the opaque object, while none of the light radiating from the 
area BF is obstructed. As for the cone of light radiatmg from the midpoint A, 50 
percent is unobstructed and forms a reduced intensity image at A,. Light from any 
point between A and G will be blocked by amounts greater than 50 percent, while 
light from any point between A and F will be blocked by less than 50 percent. Thus, 
there is a zero intensity image of G at G,, a 50 percent intensity image of A at A,, 
and a 100 percent intensity image of F at F,. 

The same degradation occurs with respectto the image reflected from the mir- 
ror. From Figs. 2 and 3 we see that there is a merging of the two images, and as one 
crosses this transition zone one image grows fainter as the other grows brighter. 

The lens shown in Fig. 3 has a large diameter that permits it to gather more 
light than a lens of a smaller diameter. If we were to increase the light level on the 
copy and on the output or the sensitivity of the camera or both, we could then 
decrease the aperture of the lens and still achieve the same image quality. The lens 
in Fig 4 is much smaller in diameter than the one in Fig. 3, but has the same focal 
length. This indicates, pictorially, our ability to reduce the aperture of the larger 
lens Flere, applying ray tracing to the region where the split occurs, ,we see that the 
edge of the mirror interferes with much less of the composite image than it did in 
Fig. 3. This results jn a much sharper boundary between the image of the output 
and that of the copy. Holding the aperture fixed and moving the camera and lens 
farther away from the copy and the, output leads to-a similar resultV^becJause the 
entry angle of the rays that the lens can see and bring into focus on the camera's 
image plane is again reduced.-- 

' An examination of how this transition region depends on lens ^nagnification 
reveals that the extent of theregion of interfei:pnce also increases with increases in 
magnification. ' 

If the copy and the output are not at the same optjcal distance from the came- 
ra's, focal plane and-one ofihemJs in^lie object plane, then the one that is not in >^ 
the object .'plane will produce a defocused image. The amount of defocusing will ' 
depend' on the lens aperture, the distance between the object plane and the image 
plane, arid the distance between the objectplane and the object that does not lie in 
this plane. 

Figure 5 is a drawing showing a side view of the principal components of the 
image splitting.system used in our experimental secretarial CCTV system. As indi- 
cated above, the single most critical design factor in this system is the requirement 
that the distance B be equal to' the sum of the distances C^and D so that both the 
upper and lower coriiponents of the image are in focus. '* 



21 



12 




14; 




15 



THE EXPERIMENTAL SYSTEM DESIGN 

Figure 6 is a picture of the experimental secretarial system. The system evolved 
over time, and most of the changes that were ^ade were carried out in an attempt 
to reduce vibrations that degraded image qualify. For example, the entire plywood 
structure, including the base, is glued togethes^-, acting as a single unit, and is 
mounted on an ordinary typewriter stand which can be easily rolled from place to 
place. Observe that the base is reinforced by 3 inc[\es,of plywoodalong its back and 
sides. 

The copyholder, that is, the device that holds the material to be copied, is 
mounted to the vertical portion of the plywood structure. It is located {o the rear 
of the typewriter and above the typewriter carriage. The camera, illuminator, and 
rela> mirror are also attached to the vertical portion of the plywood structure. The 
typewriter rests on a 0.5-inch felt typewriter pad, which in turn rests on the base 
of the plywood structure. The two image splitting mirrors (see Fig. 7J are mounted 
to the upper surface of the typewriter in front of the typewriter carriage. A discusr 
bion of some of the design features of the experimental system are taken up in what 
follows. 

Image Splitting Mirrors 

Figure 7 is a photograph of the i^ge splitter and a portion of the typewriter 
to which it is attached. The upper oi;' 'nearest" mirror of the image splitter reflects 
a portion of the material to be copied to the relay mirror, and the lower or "farther*' 
mirror reflects a portion of the tv^^ewriter platen to the same mirror. The resulting 
composite image is then reflected to the zoom lens, which in turnjbrings it to a focus 
on the image plane of the c^iera. The imtiges reflected; from the mirrors of the 
image splitter have undergone a reversal in the vertical direction, but this is rec- 
tifled in the reflection from the relay mirror- The inclination of each of the image 
splitter s mirrors, relatjve to the horizontals that bisect these mirrors, can be varied. 
This permits making/fine adjustments of the area seen by each mirron 

/ . . 

Illumination 

We located a projection illuminator (an Art Beam Lite 75) to one side of the/ 
relay mirror, as close as possible to the optical centerline so that it reflected light 
from the upper mirror of the image splitter onto the typewriter platen. Although 
this arrangement provides illumination over a slightly larger area of the copy and 
platen than is seen on the monitor screen when the zoom lens is set to minimum 
magnification, this causes no difficulty. The arrangement used here may not be the 
best way to provide illumination of pertinent parts of the copy and platen, even so, 
it has proved adequate, and it has permitted us to devote our remaining limited 
resources to working on more critical problems uncovered in the course of instru- 
ment design and fabrication. A split image withja sharper boundary between the 
upper and lower components could be^pbtained if greater illumination of the perti- 
neht portions of the copy and platen were provided, This would permit the zoom lens 
to be stopped down and in turn would allow a sharpening of the boundary between 
the components of the composite image seen on the monitor screen. 
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Copyholder ^ - ^ 

A PresTo-Line copyholder model 55M was disassembled from its 3tand and the 
cop> platen mounted on a ball-bearing slide structure which permits motion to the 
lefl and to the right. Inside this structure an electric motor and appropriate gearing 
were ai ranged to allow the motor to drive the copyholder to the right and.to the leil 
\ ia external control. The Pres-To-Line copyholder was selected because it is not very 
expensive. 

Copy Motion 

As pointed out above, we decided to provide copy motion to the lefl and to the 
right via a variable speed motor using a simple gear reduction system. Our simula- 
tion indicated that control pf thi? motion, as well as that governing the line to line 
advance of the copy platen, was best carried out via foot pedals, which are shown 
in Fig: 8. 
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Pig. 8 — Foot pedal controls for the experimental secretarial system 
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The dual pedal on the right of the photograph governs the leRand right motions 
of the copy platen. When the right-hand pedal of this pair is depressed, the copy 
platen moves to the left at a rate that depends on the power ^upply voltiige, which 
can be adjusted by the user (but not via the foot pedal). Thus, the user can control- 
the speed with vvhich the platen moves to the left, and hence can make it move in 
that direction at a speed that is compatible with his ability to read the copy and to 
type from it. The platen vv^ill continue to move to the lefl as long as the pedal is 
depressed or until the platen reaches the lell end of its path of travel. 'When the 
left-hand pedal of the pair is depressed, the platen moves to the right at maximum 
speed and continues to move in this direction until the pedaLis released or until the 
platen reaches the right end of its path of travel. Note that in this case the platen 
moves at only one speed, namely, maximum speed, whereas in the previous case it 
can be made to move at any speed up to and including the maximum speed. The 
left*hand pedal of the pair is used to carry out a carriage return of the copy platen 
or to retrace only a part of a line. The operation of this pair of pedals is carried out 
using the right foot. This pedal pair was taken frorii a tape transcriber and as part 
of that device, it performed roughly the same tasks it is performing now. 

The mechanical foot pedal on the left in the photograph controls the line to line 
motion of the copy platen. This pedal is operated with the left, foot and when 
depfessed, it actuates a cable, similar to a bicycle brake cable, that is connected 
bebkveen the pedal and the copy advance mechanisni of the copyholder. Thus,- the size 
of thp advance of the copy, that is, the number of lines it advances, is governed by 
How far the pedal is depressed. The user can easily determine how far to depress this 
pedal by observing the line to line motion of the image of the copy on the TV monitor 
as the pedal is depfessed. Similarly, the user can decide how far and for how long 
he shoulH depress the other two foot pedals by obsoa ing on the monitor the motion 
'^^'the material to be copied as he activates these pedals. 
j ^ ' 

Vibration 

From the beginning of our research on a secretarial CCTV system, we had 
anticipated that vibrations caused by the operation of the typewriter, the motion of 
the copyholder, or jarring of the typewriter stand would be very troublesome, since 
the apparent motion of any such vibration is magnified along with the image. Such 
vibrations did manifest themselves and their elimination or drastic attenuation 
made great demands on our skill and imagination. 

System components, such as the relay mirror, the copyholder, and the TV cam- 
era, were securely mounted to a sturdy .and relati vely rigid wooden frame, and the 
typewriter was set qn a half-inch pad that rests on the plywood base of that frame. 
The frame is niade of 0.50-inch plywood and ail its joints are glued together. The 
illuminator is also mounted to the frame, next to and to the rightof the relay mirror. 
The long optical paths between the mirrors of the image splitter and the relay 
mirror, as well as the oiie^between the relay mfrror and the camera lens, coupled 
with the motion of the relay mirror resulting froni the operation of the typewriter, 
led to noticeable^and disagreeable motions in the image of the typewriter platen on 
the TV monitor screen. This image vibration was eliminated, or at least reduced to 
a tolerable level, by placing a'large mass on the uppermost face of the wooden frame. * 
Clearly, in designing an acceptable secretarial CCTV system careful attention will 
have to be paid to mechanical design in order to eliminate such vibration problems. 
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Such a design might call for placing illuniinatbrs closer to the mirrors of the image 
splitter, using a separate illuminator for each area to be viewed. 

The Camera Mounting 

The TV camera was mounted at roughly an angle of-75 degrees to the horizontal 
with its lens pointing upward. This per^nitted not only the extension of the length 
of the optical path from the image splitting mirrors to the camera^s focal plane, but 
al'sda lowering of the center of gravity of the supporting frame and the components 
mounted to that frame— and perhaps also a lengthening of the life .of the camera's 
vidicon tube. Various manufacturers have informed us that vibration of a TV cam- 
era may loosen ^laterial from the cathode of its vidicon tube. If the camera were 
pointing downward when this occurred, the loosened material might fall on the 
photosensitive surface, and hence degrade the image produced by th^ camera. 



EXPERIENCE OF PARTIALLY SIGHTED SUBJECTS 

During and after the construction of the secretarial system, four partially sight- 
ed people used the system and gave us their thoughts and comments on the device. 
These people included a high school student, a college student, and the two odult 
men for whom visual data are given in the next section of this report. Although none 
of these people are expert typists, they all had had some typing experience before 
using the secretarial system. None of them was able to type from' handwritten or 
printed material without the aid of a secretarial system,"-^ but all of them were able 
to type from such material using our system. By this we mean that they were able 
to view an image of printed or handwritten material on the TV^monitor while they 
typed from it, and were also able to view an image of the typewriter platen on the 
same monitor when they chose to look at it. All of these people recognized tfie great 
value of the secretarial system to the partially sighted, and all spoke enthusiastical- 
ly about it 



EXPERIENCE OF A SIGHTED TYPIST 

We as!<ed a normally sighted female typist who does not wear corrective lenses 
and does not needeyeglasses to take part in an experiment of typing from a printed 
or handwritten manuscript, fn the first part of the experiment she used her own 
typewriter at her desk, and after about a minute of pre-test typing, she typed at a 
rate of 86 words per minute (wpm) and made 4 mistakes. 

In the second part of the experiment, she spent an hour learning about and 
practicing with the experimental secretarial CCTV system. At the time of this 
experiment, the line to line motion of the platen of the copyholder was controlled 
by a horizontal lever arm that projected toward the user to the right of the typewrit- 

^ This is not strictly true because they could type from such material if. for example, they picked it 
up to read a few words, put it down, typed these few words, and repeated the proceiis until they had 
completed the task However, this method oftyping from printed or handwritten material ii> so tnefiicient 
that it soon would discourage even the most tenacious of the partiallysighted. 
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er Thus, to bring about that motion of the copyholder platen, the user \yas obliged 
to use her right hand. This meant that she had to take her right hand off the 
typewriter keys, move the lever arm, and. then put her hand back on the keys. This 
maneuver, not being pari of the normal typing routine, tends to upset the user's 
typing rhythm. With this version of the secretarial system, the secretary was able 
to type at a rate of 67 wpm and she made 5 errors. Since thk secretarial system 
permits easy interchange of typewriters, the test was carried out using the se- 
cretary's own typewriter. 

In response to her comments on the hand control of the line to line advance ojf 
the copyholder platen, that control was replaced by the foot-operated control de- 
scribed earlier in this section. After working about ten minutes with the altered 
secretarial system, the secretary typed at a rate of 75 wpm and made 4 errors. 

In the three parts of the experiment described above, the subject observed the 
composite image on a 17-inch monitor at a distance of 40 inches and requested an 
image with a normal gray scale. 



THOUGHTS ON ATEST^PROGRAM 

We did not have the time nor the funding to carry out a well-designed test of 
the experimental secretarial CCTV system. Even if we had had.the time and funds 
to do the job, we vvould have been reluctant to do so using the present instrument. 
We believe that it would be wiser to design and build a second system that incorpo- 
rates features and changes that became apparent to us during the construction and 
proof-testing of the present instrument. This would include a more rational design 
of the supporting structure, a redesign of the method of illumination, and the 
inclusion of a simple and rapid method of switching the instrument from operating 
as a secretarial system to operating as an individualized CCTV system for reading 
and writing arid vice versa. The inclusion of the last feature would permit a user to 
use tbe system to type from a manuscript, to read ordinary printed and handwritten 
material, to write with a pen or pencil, and to carry on other operations that involve 
precise eye-hand coordination. Such a device would be valuable in the office, in the 
home, or at school. . 

Whatever secretarial CCTV system is selected in any future effort to determine 
whether such a system would help partially sighted people to qualify for jobs that 
call for typing from printed or handwritten material, these people would have to , 
meet certain standards before they could be considered qualified to compete with 
sighted typists. They should have the ability 

1. To type at a speed of at least 50 wpm without making more than 6 errors. 

2. To type from handwritten and printed material as well as from recorded 



3. To proofread what has been typeci and make the necessary corrections. 

4. To align and center the material in the typewriter and in the copyholder.'* 

* 

' These standards are taken with a slight modification from "typist clerk." "technical typist," and 
"secretarial" job descriptions used by Rand and from "Definitions ofTitles," Dutwnan ufOccuixitumal 
Titles, Vol I 3rd ed., U.S. -Department of Labor. Washin/,'ton. IXC, 1965, pp. 136. 635. 767. 
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We urge the Rehabilitation Services Administration to fund a project aimed at 
determining w hether partially sighted people could learn to use a secretarial system 
to qualify for jobs at performance rates that are comparable with those expected of 
sighted people. The project should probably also investigate how such a system could 
be used to help partially sighted students, particularly those in high school, college, 
or graduate schooL/Although this research could be carried on using the current 
secretarial system, we would prefer that it be undertaken with a more precisely 
designed system. Therefore, we encourage RSA to include in the recommended 
project allowance for the design and construction of such a system. . 



IIL PSEUDOCOLOR EXPERIMENTS 



The researeh described in this section was can ied out to ascertain whether the 
following hypothesis is coi'rect: Using our pseudocolor system, partially sighted 
pcople will be able to read the whitest white letters on the bhwkesl black background 
or -the blackest black letters on the whitest white background that the system can 
generate, as well, if not better, than he or she can read these letters when they and 
the background are assigned, by the pseudocolor system, any other combination of 
grays and/or hues. Although the validity of.this hypothesis was hot resolved by the 
experiments described ifelow, useful data were gathered, which when analyzed 
stimulated the formulation- of a very significant furthej: experiment. 

If future research were to supportour hypothesis, we could safely conclude that 
a CCTV system, to be used by the partially sighted for reading printed or 
handwritten material and for writing with a pen or pencil, need not include a color 
camera ox-a color monitor. However, if it is found that some or all of the partially 
sighted can-read or write betterwheh viewing letters of particular hues or gray 
values on backgrounds of bther particular hues or gray values than they can when 
viewing white (black) letters on a black (white) background, for these people, it 
would be wise to consider constructing and supplying them with CCTV systems that 
could produce one or more of these hue or gray combinations. If some of the 
preferred combinations involved white or black as one component and a hue as the 
other component, these combinations could probably be produced with a black and 
white CCTV system with appropriate color filters placed over the face of its monitor. 



INTRODUCTION . 

The pseudocolor equipment used in these experiments was purchased from 
Spatial Data Systems of Santa Barbara, California. It consists of a vertically mount- 
ed and down-pointing black and white TV camera equipped with a plumbicon^tube, 
a 6 to 1 zoom lens, an X-Y Platform, a 19-inch color monitor, afi illuminat.or, a 
control panel buiU to our specifications, and an electronics cabinet that contains the 
appropriate logic (see Fig. 9M. With this equipment we are able to divide the gray 
scale into as many as 10 contiguous and nonoverlapping segments of arbitrary 
length and-to assign to each oT these segments one of 4080 hues plus 16 gray values. 
The' hue or gray value assigned to any one segment is not dependent on the hue or 
gray value assigned to any other segment. Thus, for example, we can focus the TV 
camera on a black and white photograph having a continuous gray scale and create, 
on the TJV monitor screen, a pseudocolor image of that photograph having as many 
as 10 hues or gray values. Further, each of these hues or gray values will rephice 
the grays in the photograph that lie in the segment of the gray scale to which that 
hue or gray value was assigned. Thus, one might visualize the pseudocolor equip- 
ment as replacing tjie photograph's continuous gray scale by a finite gray scale, 

" The illumination system shown in Fig. 9 is not the one ijhod in (he experjment.s dfscnbud tn this 
section, in our experiments, we used nn Art Beam Lite 75 illuminator. 
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pjg g^The pseudocolor system 



having up to 10 segments or components, and as assigning a particular hue or gray 
value to each of these components. The equipment also allows the operator, at any 
time, to change the hue or gray value assigned to any one or more of the segments 
and to change the length of these segments, provided they alwayb remain contiguous 
andnonoverlapping. 

This pseudocolor system has enormous potential for exploring' the color sen- 
sitivity of the partially sighted. For example, when working with text printed in one 
color on paper of another colors the gray scale can be split into two segments, and 
since any one of 4096 Hues or gray values can be assigned to each of these segments 
independently of the^hue or gray value assigned to the other segment, it follows that 
over 16.7 million color combinations can be displayed on the TV monitor. 



THE PARTICIPANTS 

Two partially sighted people participated in the experiments desci'ibed below. 
One of them. Bill, is a 43-year-old historian. He has macular scars in both eyes 
resulting from histoplasmosis in 1968 and 1972. His distant visual acuity with 
correction is 20/200 in the left eye and 20/160 in the right eye. He is able toYeadx^ 
the20a00 line on a reading card at about 4 inches with his right eye and' the 20/25 

More tho (orm "color" is HH»d rather loo^olv because we mean it to include «rav values a> well as 

hueiJ. 
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line at about 3 inches with the same eye. He uses corrective lenses for distance 
viewing, but removes them when trying to read at distances of 4 inches or less. 
Although he has central scotomas, his peripheral vision is good enough to permit 
him to maneuver safely in an unfamiliar environment without the help of a sighted 
person, a guide dog, or a cane. He is right-handed and right-eye dominant. 

The other subject, Sam, is a 47-year-old applied mathematician. He has had 
cornea! scai-s since shortly after birlh. As a result of glaucoma, partial iridectomies 
were performed on both ey^s when he was four months old. His distant visual acuity 
is nil in his lefl eye and 20/750 in his right eye. He is able to read the 20/20 line 
on a reading card at about 1 inch from his right eye. He does not use conventional 
eyeglasses, but he does use binoculars for a variety of purposes and closed circuit 
television systems, at home and at work, to carry out nearly all of his reading and 
writing. He is veiy myopic, and to the best of our knowledge, his right visual field 
is of normal extent. He is able to maneuver safely in an unfamiliar environment 
without the aid of a sighted person, a guide dog, or a cane. He is right-handed and 
right-eye dominant. ' ,^ ' 



THE BLACK AND WHITE EXPERIMENT 

In this experiment, and in the one that follows, sheets of paper were placed 
below the down-pointing camera on an X-Y Platform. This paper contained capital- 
ized letters typed double-space ia three columns. Each column was nine .spaces wide, 
but only five letters appeared in each typed row of a column since a blanK space was 
left between each of the letters. The sheets were typed with an IBM Selectric 
typewriter, which produced 10 symbols to the inch and which was equipped with a 
Gothic 12 element The typed letters were copied from a computer printout contain- 
ing the results of a computer program that generated random strings of letters of 
the alphabet. A decision was made to eliminate "Q" from the alphabetic symbols to 
be randomized, because we felt that the participants might have difficulty distin- 
guishing an "0^^ from a **Q." 

Because good quality typewritten material has only two gray values, namely, 
that of the type and that of the background, it was only necessary to require that 
the pseudocolor system divide the^ray scale into two segments. The point of division 
chosen was one that resulted in the letter thickness remaining the same whatever 
combination of grays or hues were assigned to the images of the letters and to the 
background in which these letters were embedded. 

Throughout the experiment, the letters shown to subject Bill were magnified 5 
times on the 19-inch monitor and those shown to subject Sam were magnified 10 
times. During the experiment, the participants sat on chairs .that rolled easily from ^ 
place to place. 

The participants were first show^, on the monitor screen, images of five-letter, 
sequences in which the whitest white producible by the pseudocolor system was** 
assigned to the portion of the segmented gray scale that is associated with tjiie^image 
of the letters and the blackest black was assigned to the portion associated with the 
image of the background.'* The participants were then asked to move th^iv chairs 

* Although it is less procise, for brevit> let us sa> that tho pseudocolor system assigned the whitobt 
white that it could produce to the letters and the blackest black to the background, elsewhere in this 
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to a pobilion that they fouhd most comfortable for reading the displayed letters 
clearlj . The experimenter askpd them to I'ead three five-letter strings of the random- 
ly chosen letters: If they read, them rapidly and without making a mistake, the 
expt^nip^Ji ter recoi'ded the distance between the, participant's eyes and the face of 
the monitoiTlnidHhis-subject-to-^ijionitor distance was used for the participant in 
bubboquent experiments. If thesuBJScno"^ it 
uas changed, and the rest of the procedure was repeated until the parttcipant-fe 
that he was comfortable and was able to read the letters rapidly and with complete 
accuracy. . ^ * 

A lower magnification was used for subject Bill, than for subject Sam, because 
we wanted both participants to sit at reasonaBIeirisIances from the monitor; and 
since Bills visual acuity is considerably better than Sam's, using the same magnifi- 
cation for both participants would have placed Sam too close to the monitor or Bill 
too far from it. As it turned out, Sam viewed letters magnified 10 times at a distance 
of 10 inches and Bill viewed letters magnified 5 times at a distance of 80 inches. We 
had considered presenting Bill with letters magnified less than 5 times, but we found 
that the image- quality of the letters fell off sharply at magnifications that were 
significantly smaller than 5. 

The settings of the contrast and brightness knobs on the TV monitor wereJhe^ 
same throughout the experiments. Further, all measurements made with the 
pseudocolor equipment were taken in^a darkened room. At the beginning of each 
data-gathering session, the participants were permitted to become adapted to the 
dark before they were asked to respond to data displayed on the TV monitor. 

The black and white experiment consisted of having each participant (1) sit at 
the determined distance from the TV monitor with his chin on a chin rest, (2) view 
the letters displayed.on the screen, and (3) read aloud the letters in a particular jow 
and column. ^ - - 

. Initially^ the knobs on the control panel, which govern "the intensity of the 
signal delivered by the monitor's redy green, and blue guns and which govern the 
gray value or hue taken on by those portions of the image corresponding to the 
background in which the letters are embedded, were all set in their zero position 
fO,0,Ol. Let us call these knobs the background color control knobs (BCCKs). Like- 
wise, the knobs on the control panel, which govern the intensity of the .signal 
delivered by the monitor*s red, green, and blue guns and which govern the 4^'ay 
value or hue taken on by those portions of* the image corresponding to the letters, 
were all set in their zero position (0,0,0). Let lis call these knobs the letter color 
control knobs (LCCKs). This setting of the BCCKs and the LCCKs produces black 
letters on a black background, and since these blacks are indistinguishable from one 
another, no letters were visible on the monitor screen.-Even so, the participants were 
asked what they saw on the screen and their responses were recorded. In this and 
subsequent cases where the gray values of the background and the letters were the 
same, neither participant reported seeing any symbols on the screen, . 

The LCCKs were then each set in their one position (1,1,1), and the BCCKs were 
kept in their zero position (0,0,0). Here, as in all subsequent settings of the color 

becfiun. wc uill refer (o the pseudocolor svstem as assigning a gray value or hue to the letters and another 
gra\ value or hue to the background when we really mean that the system assigns a gra> value oi hue 
to the portion of the segmented gray scale that is mjsociated with the imago of the letters and assigns 
another gray value or hue to the portion of this gray scale that is associated with the miage of the 
background. 
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control knobs, the experimenter displayed a sequence of 15 randomly selected let- 
ters, asked the participantb.to ideritify'these letters, and recorded the participants* 
responses. The letters were displayed five at a time, and different strings of letters 
were shown every time a change in the^knob settings vvas made. 

The LCCKs were then each set in their two position (2,2,2), and measurements 
Nvere made as described above. The procedure was repeated for LCCK settings of 
(3,3,3), (4,4,4), (5,5,5), up to and including (15,15,15). After that, the BCCKsAvere each 
set to 1 (1,1,1) and the process was repeated for LCCK settings of (0,0,0), (1,1,1), up 
to and including (15,15,15). Similar measurements were made while BCCKs were 
held in turn at (2,2,2), (3,3,3), up to and including (15,15,15). Thus, measurements 
were made at the 256 settings of the BCCKs and the LCCKs that produce the 
combinations of gray values that can be generated with two channels of the pseudo- 
color system."* 

Table 1 contains the experimental results obtained with subject Bill, and Table 
2 contains the results obtained with subject Sam. The column data in these tables 
arose from trials in which the settings of the BCCKs were varied and the LCCKs 
were held fixed. The row data in the tables arose from trials in which the settings 
of the LCCKs were varied and the BCCKs were held fixed. The entry in the ith 
column and (2j)th row (i = 0, 1, . . ., 15; j = 0, 1, . . ., 15) is the percentage score 
aciiieved by th.e participant when viewing letters with the gray value corresponding 
to the LCCK settings of (i,i,i) on a background whose gray value is determined by 
the BCCK settings of (jjj). The entry in the ith column and the (2ji Dth tow is the 
average time in seconds that elapsed between the time the participant first saw each 
string of five letters and the time he reported what he saw. Here the gray value of 
the letters was determined by the LCCK settings of (i,i,i), and the gray value of the 
background was determined by the BGCK settings of (jjj). . 

Zero entries in the tables indicate that' the, participant definitely said that he 
saw nothing on the monitor screen. Dashes indicate that no response time was 
recorded, because the participant definitely said that hQ could'not see any symbols 
on the monitor screen. The letter "T" indicates that the participant saw the trace 
of something resembling symbols on the scr^een, but could -not identify-^any of the 
symbols. The better "L" indicates that the participant took somewhat more than 10 
seconds to report what he saw, and the letter "S" indicates that the participant took 
somewhat less than 10 seconds. Where Ls and Ss appear in -the tables,- the experi- 
menter did not record a definite average response time. 

In Table 2, above the principal diagonal, observe that once subject Sam achieved 
a perfect score he tended to maintain that score for increases in letter brightness 
and decreases in background brightness. However., below the principal. diagonal he 
vvas not as successful when letter brightness was decreased or background bright- 
ness \yas increased. In Table 1, note that both above and below the principal diagonal 
subject Bill had trouble maintaining a perfect score once. he achieved it. These 
results may have arisen, at least ^in part, from the fact that Sam s visual pathology 
has led to serious corneal opacities'as well as to some degradation in media transpar- 
ency, whereas Bills has led to serious retinal scarring as well as possible post-retinal 
defects. Sam definitely prefers to view bright letters on a dark background rather 

* Other gray values could have been obtained if we had changedUhe settings of the TV monitors 
brightness and contrast control knobs. 



28 









o »n 
o 


Bill 






o to 
o 


Subject . 




CO 


O -q. 

o 


for 






CO uo 


System 












00 °^ 


Pseudocolor 




o 
o> 


CO CO 

a 


<i> 
s: 




CO 


CO o> 
o 


C 








ment Usi 


LCCK 




CO CO 
CO 


Experi 








o 








fMA\ 




T 




and 








lack 




CO 


H J 


CQ 








o 
s: 








Its of 






o 1 


Resul 




a 

o 


o 1 




BCCK 


o 



CO 1-1 O ^ O ^ 0> 



Oio oo> otc or- or- o«>»oco coto oio oco oo> co^ oo> o| o| 



0> i-< lO ^ 



C" i-< O 00 



coior-cooor-'^rcotflOcocor-cor-ocor-or-oHJol o| 



CO CO CO . o> 



00 CO 



r-co cow com com f-r- ooo coto coto coco r-oo Hf oi 

CO Ci O 0>*C0 '-^ 



O Oi O 00 



CO o o « 



r-m coi-< com oto oto coto oto com o-^ o| ol r-co co«-<' 

tOOli-^OOOOOOiO oo'i-^O"-* 



coco r-o oo> com coo cow coJ cow of r-w cor- oo ocj 

o>coi-<oo>o>f~<oii-<oir-i-< <ooiOo 



coo oco ow cor- oco coo om o| ow oo co cj'~"o m o r- 

o> O CO O O* Oi-<0* C0O«-<CJOO 



coco ots coo oo ON r-co oI r-o r-r- r-w com n ^ o <^ 

C0tei'5C^tOt-<CO'-<CO ^ — — — ^ ~ — 



HJ ol £mJ H J 



'J'NOOi-^OOi-^O o 



r-o o»-< co^ or- com om or- 
00NO»-<O^ O Oi o o 



coJ ol £mJ om r-co r->J o»-i cow r-N cooo or- 

^ ' . to 00 N 00.-4Ol.-4C0»-<Oi o 



£m,j £-1^ of £mJ £mJ £mJ Ooo com o-^ oto com ooo cooi 

o o>«-^o«-<oo o> o o> 



ol oJ oo oco ot om ot r-co oco om 

CO O i-< O O O O CO o o 



r-o cor- coto cooj or- coo 

COCOO) Oif-^O) O 0)f-4 



ol £mJ r-N r-J oos r-J oJ oJ r-J o 



£- I J J J J £m J CO J com co J co J co J ' t> m 

m -oi" " Oi o> 00 »-< 



O 1-4 N CO 



I ^ - 

c c W « 

I ^ o iS 5 

■Z > c 

o « o 

« "3 B ^ 

•5 c 

^ - ^ - 

IS- i g- 

!l If 

•5 2 w e 

5f 3 > 3 

> d ^ s 

«-> o "5. o 



5 S c S 

i * £ 

V< V3 a Vi 

J3 3 3 

JQ C 

— 2 c 2 w 

,/) C V- 

£ £ « 

c -5 c 5 *^ 

5 c * C TJ 

,2- « .2- 

'£5 *S -5 



ERIC 



,38 



29 



CO 



CO 

a 

B 

W 

CO 

'o 

o 
O 

-a 

w 



GO 

£ 



a 

X 



c 

5 

<i> 

s: 



O OC4 OW OM 0« OCO O CO O O CO r-iO CO o o I o 

OOOOOOOOOO OOOOiOi^ 



ON OC^ O CO OC^ ON ON O CO O O^f O^f OiO —t o I o I o 

OOOOOOOOO-OOONifh 



OCO ON ON OCO ON OCO OCO OCO OCO O^y OiO ol ol ol 

ooooooooooo 



OCO ON OCO OCO ON ON OCO ON O ^ C0«O CO r- of £-«iJ P-iJ P^J 

000,00.0^00 oo>o> 



ON ON OCO OCO OCO OCO OCO oco COW coco f-«iJ ol'p-"iJ f-ij f-io coo 

OO OOOOOOOO^ NiON 



ON ON OCO ON ON ON OCO t-N C-O f-iiJ ol f^J f-ij OOO C-00 COC- 



O — < «5 O 



ON OCO OCO OCO OCO OCO ON o^*£-«J ol £-«iJ c*o o CO o oio c*in 



OCO OCO OCO OCO ON OCO- CO o 1 o I 

o o o o o o o 



N ^ 00 O 



6-"iJ f-ij oJ c*in oo c*N 

N 00 ^ O N 00 



ICO ON 0^| OCO t*"^ CO'T t*t* ol f-iJ £-«iJ £-"iJ C*CO oo oco COlO OlO 
'OOO'OOOOOi-H 00r-»OO0r>O 



>co OCO OCO OCO cooo f-ivJ ol E-iiJ t*t* CO cot* oio oco on oco O 
>OtOOO ooooooooo 



oco oco oco oco OlO o| £-"iJ f-ij t*CO oco O^ CON oco O-^ coco CO'^ 

ooooo ooooooooooo 



co^ coco oco t*iJ ol f^iJ oJit^co coco t*co coco oco oco't^io oco o 

OOOOO NOOOOOOOOOOOOO 



S^J f-iJ ol E-iJ f-iJ oJ coco coco t*co oio t*io oco oo oco o m 

NOOOO ooooooo 



^-J f^J oj £-i|J f-ij coj t-J coco coco coco oco oco Oreo oco oco 



CO <D O O O 



f-ij ol £-"iJ £-"iJ t*iJ t^J cboo coco coco b'co o co o co o''o *o co co ' 

N N lO O O O O O OOO O 

Fi. O O ^ ^ 

I O I f-i-iJ E-iJ t>-iJ £-«iJ t*CO coco t*CO coco OiO OiO oco oco COlO oc 



O o N CO 



00 O O N CO 



rt > 

.a 
.a 



11 

-l-f 

ti^ o 
•2 

5 " 

c 

« Si 

s s 



'C tjfl 



O X 



c 5 



: J2 



3 

lo 



3 S 



5i 



<« 

o 

It 



c ^ 
S 2 w 

t 

s ^ 
3 «>x 



*C X 



30 

ERIC 



than dark letters on a bright background, and during the experiments he frequently 
complained about the glare from a bright background, whether or not tliat back- 
ground had a hue or a gra> value. His discomfort vvh^ confronted ivith a bright 
background probably arises from the fact that the scar tissue in the cornea of his 
right eye and the defects in the vitreous humor of that eye tend to scatter the light 
from such a background. Bill was not bothered as much as Sam by such backgrounds, 
because his cofneas,'lenses, and optical media are not impaired. However, the dam- 
age to his retinas and possibly to his optic nerves may be^ in part, responsible for 
the lack of consistency in the, scores he achieved in trials that lay both.above and 
below the principal diagonal. 

The experimenter noted that high scores were notalvvays correlated with sh6rt 
response times. For example, Bill achieved a score of one hundred, the maximum, 
64 tmies, but in these cases his average response time for reading five letters was 
morathan 10 seconds 5 times and more than 5 seconds'at least 42 times. Similarly, 
Sam achieved a score of one hundred 121 times, and in these cases his, average 
response lime was greater than 10 seconds at least 6 times. Thus, it is impqrtant to 
note both the score aild the time it takes to achieve that score if we really wish to 
ascertain how well a participant is able to read symbols under various contrast 
conditions The same statement is applicable when we are trying to determine how 
well a participant is able to read symbols under various contrast conditions, or how 
well he can read symbols of one hue or gray value that are embedded in a back- 
ground of another hue or gray value. 

In relation to the letters used in these experiments, and those described in the 
next section t^e expenmentei- observed that there inay be a difference in how easily 
the pa»-*icipant$^ were able to perceive these letters; which is a function of what 
letters are being observed. The "relative visual acuities" (fbr observers with normal 
vision ' required to identify the various letters oflhe^ilphabet have been determined 
by various investigators. The "visual acuities" required to identify the lettersof the 
alphabet were measured, and then were normalized with respect to the "relative 
visual acuity" of the letter that proved most difficult to identify, namely, "B." Table 
3 gives the "relative visual acuities" fbr^selected letters of the alphabet. 

Table 4 contains the relative luminosity values of the 16 grays that are produci- 
ble by the pseudocolor system using the 19-inch Conrac monitor with its brightness 
knob set at 70 and its contrast knob set to produce maximum luminosity. 

THE COLOR EXPERIMENT 

In the color experiment^ the same conditions prevailed as in the black and white 
experiment relative to ' ^ 

1. The settings of the brightness and contrast knobs on the TV monitor. 

2. The monitor-to-participanl distances. 

3. The magnification of the image on the monitor screen. 

4. The darkening of the test facility. ^ ' ^ 
^5. The participants* adaptation to darkness before each trial period. 

6. The type of material displayed on the TV monitor. 
7: The subdivision-of the pseudocolor system*s gray scale into two segments. 
^ 8. The point of division of that gray scale. 
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Table 3, 

Relative Visual Acuities of Selected Letters " 
of the Alphabet 





Visual 




Visual . 




Visual 


Letter 


Acuity 


Letter 


Acuity 


Letter 


Acuity 


L 


.70 


Y 


.80 


E 


.85 


T 


,74 


F 


,81 


R 


.85 


V 


.78 


> P 


,81 


S 


.88 


U 


.79 


D 


.81 


G 


.89 


c 


.79 


Z 


.84 


H 


.92 


0 


.80 


N 


\S4 


B ' 


1.00 



SOURCE: I. M. Borish, Clinical Refraction, 
The Professional Press, Inc., Chicago, II!., 1970, 
pp. 384-?87. 



. Table 4 

Relative Luminosity of Grays 
Produced by the Pseudo- 
coloj* System 



r,g,b Measured 
Setting Briglitness 



0,0,0 


.030 


1,1,1 


' .035 


2,2,2 


.065 


3,3,3 


.180 


4,4,4 * 


' .450 


5,5,5 


.850 


6,6,6 


1.440 


7,7,7 ^ 


2.150 


8,8,8' 


3.070 


9,9,9 ' 


4.1^60 


10,10,10 


5.360 


11,11,11 


6.780 


12,12,12 


8.350 


13,13,13 


9.930 


14,14,14 


11.570 


15,15,15 


13.400 



In this experiment, however, the participants were shown letters of one hue or gray 
value displayed on a background of another hue or gray value. The hues and gray 
values used in this experiment were determined by triads of randomly selected 
integers in the range 0 through 15. Six such randomly selected integers were used 
for each trial; the first three ,\vere used to determine the hue or gray value of the 
background and the second three to detei mine the hue or gray value of the letters, 
A different sextuple of integers was used for each trial that a participant took part 
in, but each participant was shown the same hues and gray values in the same 
combinations. 
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The first integer in a triad determined the intensity ofthe signal generated by 
the TV monitor's red gun, the second integer determined the intensity ofthe signal 
generated by its green gun, and the third integer determined, the intensity of the ^ 
signal generated by its blue gun, 

VVe made measurements ofthe intensity (^f the signals produced mdwiditally 
by th^ TV monitor's red, green,, and blue guns, as reported in Table 5. These meas- 
urements were made with the system set to respond to a viewed object's entire gray 
scale, and that gray scale wiis not subdivided by the pseudocolor system, that is, only 
the first of thp system s t6n channels was used. For the red gun, measurements were 
made for control knob settings of (r,0,0) where r 0, 1, . . 15; for the green gun, 
they were made for settings of (0,g,0) where g ^ 0, 1, , . ., 15; and for the blue gun, 
they were made for settings of (0,0,b) where b 0, 1, . . 15. These measurements 
were stored in a digital computer, and a computer program was written and used 
to convert any knob setting triplet (r,g,b), where r, g, b 0, 1, . . 15, into CIE'^ 
coordinates. ' 



Table 5 

Measured Intensity Values for 
a Brightness Setting of 70 *<> 



Kiiab 


' Ited 


Green 


Blue 


Setting 


Value 


Value 


Value 


0' 


.010 


.010 


.010 


i 


.010 


,015 


.010 


■< 2 


,015 , 


,040 


.010 


3 


.040 


J 20 


.020 


4 


.090 


,310 


.050 


5 


.170 


,610 


.070 


6 


,280 


1,060 


.100 


.7 


.420'" 


1.580 


.150 


^ % 


,630 ' 


2,240 


.200 


9 


.880 


3.000 


.280 


10' 




3.840 


.360 


11 . 


1.456 


4,870 


V .460 


. 12 


L800 


5.970 


,580 


13 


2,180 


7.050 


.700 


14 


2.610 


8.130 


,830 


15 


3,060 


- 9,350 


.990 



Each participant was asked to read J 5 randomly selected letters and was asked 
to do this for 200 hue or gray value combinations. 

Results of those 400 trials were analyzed primarily by determining the CIE t 
coordinates for the hue or gray value ofUhe background and the hue or gray value 
ofthe letters, plotting these values on theCIE diagram aiifj drawing the vectors 
connecting these values. The CIE diagram represents an attempt to dcbcribe in two 
dimensions the three-dinfensional color space arising from various degrees of in- 

Commission Internationale (rKciairage. denoting a standard hvsiom ihv v^pecifving color. 
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teraction between thi ee primaiy colors. Figure 10 is a CIE diagram; it shows the 
location of various iiaturatcd coloi-s, the white corresponding to various color tem- 
peratures, and the location of the three primary-colors generated by the pseudocolor 
bystem. Given the energy or luminosity of these primary colors (see Table 5), the X 
c-^nd Y coordinates in the CIE diagram of the color resulting from the mixing of 
primaries hafviiig these energies are given by the formulas 

Y - 0-1339R + 0.1161G 0.0640B ' - 

^ 0.2125R + 0.3745G + 0.4130B ' ^ 

V - 0:0723R + 0 .2228G + 0.Q289B /o^ 
• ^ " 0:2a25R + 0;3745G +0.413'0B ' . ^"^^ 

where R - the relative amount of energy rising from the action of the 
' red gun, 

" ^ G the relative amount of energy arising from the action of the 
green gun, , 
B = the relative ^niounti of energy arising from the action of the 
blue gun. 

Equations (l)and (2)only apply when the source of color is a cathode ray tube (CRT) 
that is coated with the same phosphor as those that were used in making the CRT 
used in this experiment. The equations were derived by Mr. Roy H. Stratton using 
information supplied by the Conrac Corporation. The derivation of Eqs. (1) and (2) 
is given in the appendix. 

We used the computer program to analyze data arising from trials in which the 
participants achieved a perfect score in identi(yingJ5 letters andJn reading these 
letters at an average rate. of no less than five letters per 15 seconds. Subject Sam 
succeeded in doing this in 45 of the 200 trials and subject Bill in 65 of these trials. 

Table 6 contains the collected and calculated results of the trials in which 
subject Sam was a participant and Table 7 those of subject Bill, Column 1 in these 
tables, ID No,, contains the trial identification number; col, 2, Letter Energy, is the 
measured relative energy or luminosity of the letters; col. 3, Back Energy, is the 
relative energ> or luminosity of the background in which the letters were embedded, 
col; 4, Contrast Ratio, is the contrast ratio computed by the formula 

\ 

Contrast ratio (Letter energy) - (Background enera l 

Background energy 

cols, 5 and 6, Letter, give, respectively, the X and Y CIE coordinates of the hue of . 
the letters; cols, 7 and 8, Background, give, respectively, the X and Y CLE coordinates 
of the hue of the background in which the letters are embedded;^col. 9, Vector 
Magnitude, is the magnitude of the vectors connecting the X and Y CIE coordinates 
of the hue of the letters with the X and Y CIE coordinates of the hue of the back- 
ground in vvhich.the letters are embedded, col. 10, Vector Angle, gives the angle that 
the vectors, referred to in the description, of col. 9, make with the CIE diagram's 
X-axis; and col. 11, Read Time, is the average time in which the participants read , 
a^string of five letters. 
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Fig. 10 — Conrac color monitor: CIE 1931 {X,''Y) chromatlclty diagram 



The data in Tables 6 and 7 did not provide us with many insights into the 
meaning ofthe experimental results. However, an examination of the data in Table 
6 does rDveaUjie interesting fact, namely, that many of the vector angles lie roughly 
in the ranges QOTollO^and 90 to-110. Table 7 also reveals an angular preference. 
Further, both tables indicate that a wide range of energies (or luminosities) as well 
as hues are to be found in the data. What was needecl was a technique that would 
separate the effects of these twq parameters. 

In an attempt to roughly accomplish this end, we determined, for each trial 
reported in Tables 6 and 7, the absolute value ofthe difference between the luminosi- 
ty ofthe background and the luminosity ofthe letters, ascertained the largest and 
smallest of these absolute differences; divided the span between these two values 
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Experimental jmd Calculated Results for Subject Sam 
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Experimental and Calculated Results for Subject Bill 
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into four equal intervals; plotted on the CIE diagram, for each participant and for 
each interval, the vectors (whose CIE coordinates are given in Table?) 6 and 7) that 
determined the trials that gave rise to absolute luminosity diflerences that lie in 
these intervals, and ^then plotted the chromatic vectors corresponding to the trials 
on a CIE diagram. Thus,.a separate diagram was made for each of the four luminosi- 
t> intervals and separate diagrams were prepared from the data obtained with Bill 
as the participant and vvith Sam as the participant. Figures 11 through 14 contain 
the data obtained with subject Bill and Figs. 15 through 18 those with subject Sam. 
Energy level 1 is the interval in which absolute luminosity diflerences were the 
smallest, and energy level 4 is the interval in which they were the largest. The 
asterisk or liead end of each vector is the CIE point that arises from the hue assigned 
to the letters. 
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Fig.. 11— Reading vectors plotted on 1931 CIE diagram, data set Bill:' energ>' level one 
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Fig. 12" Reading vectors plotted or] 1931 CIE diagram, data set Bill: energy level two 

o 



An examination of Figs. 1 1 through 18 reveals that none oft he vectors have one 
oftheir ends near the white region of the CIE diagmm. This is not surprising when 
one considers how the experimental conditions were established. With white as one 
test pair hue, the chromaticity contrast that can be obtained is lower than that 
which might be obtained\vith pairs whose components ai'e more saturated colors. 
Also, the luminance contrast is sm\aller with white and a hue than it is with black 
and white. However, it should be pointed out that the sample of 200 combinations 
of hues is very small compared with the more than 16.7 million that can be produced 
with two channels of the pseudocolor system, and hence, the.s^ample, although 
chosen randomly, may not be large enough to reflect all the important features of 




the 16.7 million possibilities. For example, what would have happened ifsubjectb 
Bill or Sam were confronted with {15,J5,15) letters on a (2,0,1) background? 

Nevertheless, even with our limited sample we can observe, for example, that ' 
for small absolute luminosity differences (level 1 differences) subject Sam tended to 
show a visual preference for red on blue and blue on red, while subject Bill showed' 
a visual preference for blue on green and green on blue. For Sam the blue to red and 
red to blue vectors represent the lowest absolate luminosity differences at which he 
achieved a perfect score. 
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Fig. 1 1— Reading vectors plotted on 1931 CIE diagram, data set Bill, energy level four ^ 



AN AVENUE OF FUTURE RESEARCH 

The computer program that we have prepared would permit ub to compute the 
relative luminosity for each of the 4080 hues and 16 gray values that can be pro- 
duced by the pseudocolor system. Further, the program, perhaps slightly modified, 
would permit us to list these hues and gray values in increasing or decreasing order 
with respect to their relative luminosities. From that list we could easily determine 
which combinations of hues and grays lie in various intervals of the range of avail- 
able absolute or actual luminosity differences. Thus, for example, wexould deter- 
mine those combinations of hues and grays whose absolute luminosity difference is 



SI ^ 
0 u 




less than some small number a anAthen carry out trials, similar to those described 
above, using these pairs of hues and grays as background and letter colors. Such an 
experiment would allow us to determine how-well partially sighted participants can 
determine chromatic diflerences of hue and/or gray pairs whose components have 
nearly the same luminosities.*" We would be interested in pursuing this and similar 
experiments aimed at learning more about color and the pathological but seeing eye. 

This, experiment was sugjrcsted to us b.v Dr James Bailey of the Southern (?ahrornia College o( 
Optometry. 

5i 



IV. CCTV READING RATES OF PEOPLE WITH NORMAL 

SIGHT 



At the suggestion of Dr. Edwin B. Mehr ofSanta Clara, Calif brnia, we decided 
to determine how well the normally sighted cc .Id read typewritten material when 
using a CCTV system, and when A^iewing at any instant on the TV monitor a string 
of alphanumeric symbpls of a given length. We recognized that, unlike the case of 
the partially sighted, restrictions on the reading speeds of normally sighted people 
using a CCTV system would be due to factors other than those resulting from poor 
eyesight. In addition, we believed that the results of such an experiment would 
indicate how rapidly the normally sighted can read with a CCTV system as a 
function of the number of alphanumeric symbols that span a line on the system's 
monitor. We had thought that the speeds attainable by the normally sighted would 
represent a level of performance that the partially sighted could not be. expected to 
exceed However, the experimental results indicate that this conjecture^may not be 
valid. 

i ' 

SUBJECTS 

Eight subjects were chosen who had a corrected visual acuity of 20/20 in each 
eye. They ranged in age from 20 to 35 years, and half were male and half female. 
None had.a previous history of visual disorders, and seven had normal color vision;, 
one subject had a mild red deficiency. They vyore also chosen so that none had any 
previous experience with the use of a closed circuit television visual aid nor with 
tf^levision-like computer terminals. They represented a wide range of employment— 
from secretary to'scientist. 



PROCEDURE 

All subjects used the same closed circuit television system equipped with a 
^ 9-inch monitor and an X-Y Platform. Among the monitors we had available, the' 
g-inch monitor provided the best resolution when used at a magnification of one, 
where it displayed a full line of text fronx an 8^/2 by llMnch page. The subjects were 
allowed to choose the most comfortable working distance, that is, the distance 
be tween their eyes and the monitor screen; 1 - adjust the contrast and brightness; 
and to select whether positive or negative contrast would be used for each level of 
magnification. Further, practice was permitted before each trial, although not of 
course with the test material. The test material was selected from i?eac/<?r s Digest 
graded readers. This provided a uniform level of reading difficulty. All testjmaterials 
were typed double-space on separate pages in order to" avoid focusing anU other 
manipulative problems that arise from the use of bound materials with a^CCTV 
system. Each of the subjects was asked to read an entire page of approximately 250 
words during e;ich test trial. A' different page of material and a different magnifica- 
tion were used during each trial, and measurements were made with 3, 5, 7, 10„and 
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20 characters spanning the screen .as well as with a full line of text occupying the 
widthpfthe screen. Reading rates were recorded atone-minuteintervals.and at the 
end of each trial. In addition, we determined the normal reading rate without a 
CXTV system for each subject using similar reading materials. 

RESULT'S 

. " i 

The actual reading rates for each subject, when using the CGTV system, are 
plotted in Fig^ 19 as a function of the number of characters visible on a single line 
in the center of the monitor screen. The corresponding linear magnifications as 
measured on the 9-inch monitor are also shown along the ^ibscissa. Each line is 
identified by a subject number, and each subjects normal reading rate ib plotted at 
the extreme right of the figure. As can be seen, there is a wide range of normal 
reading rates in the experimental population. It is interesting to note that all but 
one of the subjects, read faster with television at magnification of one than he or she 
did without the instrument, and in one case as much as 20 percent faster. The 
average improvement was 5.percent. 

All the subjects showed a similar decrease in reading rate with increasing 
magnification and fewer characters per line on the sq-een. For each subject and for 
each magnification, measurements were made that allowed the computation of the 
subject's reading rate at one minute intervals. These reading rates were roughly 
randomly distributed about the subject's aver/ige rate, and they did not vary from 
the average by more than 5 percent. This indicates that under these conditions the 
subjects did not appear to fatigue, nor did they show any short-term learning eflects. 
In addition, it is interesting to note that a roughly two to one range of reading rates 
between subjects seems toapply atall magnifications. Subjects' reading rates ranged 
from 25 words per minute to slightly more than 50 words.per minute, when three 
characters spanned the screen. This appears to indicate that, even with the corre- 
spondingly large magnification of about 20, one might expect a partially sighted user 
to be able to read at "useful" rates. One subject volunteered to read at a magnifica- 
tion that permitted just one charactt^r to appear on the screen at one time. She 
achieved a reading rate of about 25 words per minute though she did not read an 
entire page, because she experienced considerable visual distress. 

Normalized reading rates were calculated as the percentage of each subject's 
normal reading rate, ancf are plotted in Fig. 20 as a function of the number of 
characters on the screen as in Fig. 19. From Fig. 20, the increase in reading rate over ^ 
the normal rate using a CCTV at a magnification of one is very apparent. Although 
the variation in normalized rates seems very laige for 20 characters per line, this 
is easily explained by the large range of the subjects' normal reading rates.that were 
used for nprmalizing. 

To compare the performance of the partially sighted with the normally sighted 
test group, the average reading rate for the eight subjects was plotted as a function^ 
of the number of characters across the screen. The reading rates for a number of 
par.tially sighted subjects who were reading with a CCTV system for the first time 
were plotted on the same graph.' In addition, reading rates for three relatively 

^ The reading,' ratcj; for the partially sighted subjects were obtained from S. M. Genensky, 
n. L. Moshin, and H. .E. Petersen, Performance of Partially Sighted mth .RANDSIGHT I 
Equipped with an X-Y Platform, The Rand Corporation, P"19'13, January 1973,. also pub- 
lished In American Journal of Optometry and Archives of American Academy of Optometry, 
Vol. 50, No. 10, October 1973, pp. 782-800. 
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expetionced uscm s were also plotted on the graph as indicated in Fig. 21. The results 
forthe partially sighted population are about what vvoiild be expected except for the 
one very high rate of nearly 200 words per minute. Of the experienced partially 
sighted subjects, the highest rate shown ib for the world s most experienced user, and 
as such probably indicates the limit ofimprovement that practice would permit for 
someone with his ocular pathology. This rate is also very near the maximum rate 
achieved by any pf the normall> sighted test group with the same number of charac- 
ters on the screen. The other experienced users had about two or three months of 
intermittent use of their GCTV systems at the time their reading rates were meas- 
ured. . , r 

IMPUTATIONS 

The results of this experiment have some interesting implications. We have 
shown that reading rate decreases as the number of characters that can be seen on 
the monitor screen is reduced. Thus, the results clearly show that the number of 
characters displayed on a line across the monitor screen should match, as closely as 
po,^sible, the number of characters that the user can see at one time without moving 
his head across the line. Since magnification is a function of the size of the monitor 
screen, for a given magnification, more characters of a given size can span the screen 
ofa larger monitor than a smaller monitor. Although notall users may bene/it from 
'the use oTiargei- monitors, due to focusing limitations or field restrict ions.a rising 
from scotomas, many may benefit from any effort that makes the use of a^larger 
monitor possible. As can be seen from the experimental data, this is especially 
important if the user*s ocular patholog> requires thathe work with high magnifica- 
tions. 

Although no learning effects were observed during this experiment, it should 
not be inferred that no learning would have occurred among partially sighted users. 
Many of the partially siglUed population whose reading rates are reported in Fig. 
21 had npt re^id anything. in print for as long as several years before using the CCTV 
system, and hence if the>; had participated in this experiment, their reading ability 
would; probably have shown considerable improvement over time. 
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V. COLOR VISION TESTING 



INTRODUCTION 

All too oft&n partially siglited subjects have come to our laboratory facilities 
and reported to us that they have been told by their ophthalmolugisti)r optometrist 
that they have no color vision. These people tend to lake such a pronouncement 
quite literally, even though the clinician who made the statement may not have 
meant that to be the case, Jn addition, in many of those cases where, color vision 
testing has taken place,Uhere is s^ine reason to believe that the testb that were 
administered may not have been^appropriate or that the conditions under which the 
tests were administered mav.r^ot have been realistic. For" example, the tests may 
have measured factors in a^clition to color such ab the ability to discern a geometri- 
cal object embedded in a, Confused background, or the tcbts may have been given 
under lighting c'onditiorfs that do not represent those that would normally prevail 
when the patient vie>vs objects with the same level of detail as that of the test 
materials. , , ' 

In view of these facts, we decided to investigate the color vision.of the partially 
sighted people wh(^ visited our laboratory. The color discrimination uf thebe subjects 
was measured u^ing four different color vision tests, two of which are regarded as 
standard methoj:ls for making ^uch measurements and two reprebcnt departures 
from these stai/dard,Jechniques. The standard tests were the American Optical 
Handy-Rand-Riltler (AO H-R-R) Pseu'doisochromatic Test and the Farnsworth Di- 
chotomous Test for Color Blindness, Panel D-l\The tests that represent departures 
from the standard tests we call the Color Chip i^rlmjsmission Test and the Modified 
Farnsworth D-15 Test, \ 



AO H-R^R TEST 

The test consists of a series of 24 color test plates that are used as ^ 

L A simple screening test to separate subjects with defective color vision 

from those with normal color vision. 
2. A qualitative diagnostic test to classify the type of defective color vision. 
3 A quantitative diagnostic 'test to indicate the extent of the defective color 

vision. 

The test is-divided into four parts: 

^ 1 Four demonstration plates used to familiarize the^ subject with the test, 
, 2 Six screening plates for the detection of defective red-green (protanopic or 
deuteranopic) or blue-yellow (tritanopic or tetratanopici vision. 
3 Ten diagnostic plates for the qualitative and quantitative analysis of red- 
green deficiencies. * - v. . 
4. Four diagnostic plates for the qualitative and quantitative analysis of the 
blue-yellow deficiencies. 
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Each test plate has a background pattern. niggle up of small circular gray dots, 
varying.both in size and brightness. The same background ib used on each plate. All 
but one test plate contains colored dots that form simple geometric figures. The 
figures used are a circle, a cross, and a triangle. Since the subject is permitted to use 
his own name for thfese symbols, the test can begi.ven without.regard to the language 
used, provided the subject is consistent in naming the geometrical objects. A colored 
symbol may be located in any quadrant of the plate. These symbols do not cross or 
touch the background gray dots, and their gray values do not furnish any clues as 
to the shape of the symbol. Both the colored dots and gray dots vary in size and 
brightness. The hues of the symbols on the first three demonstration plates are 
readily visible to those with normal vision as well as those who have defective red- 
green or blue-yeHow vision. The hues of the symbols on the screening plates were 
selected to separate subjects with normal vision from those with defective red-green 
or blue yellow vision. The hues of the symbols on the diagnostic plates v/ere critically 
selected to differentiate between the two types of defective red-green vision and the 
two types of defective .blue-yellow vision. On the diagnostic plates, the hues of the 
, symbols vary from plate to plate in a graded. sequence of saturation (i.e., chroma or 
visual difference from gray). This perniits the extent of a color defect to be deter- 
mined. " ' 

Test Administration , ^ 

The AO H-R-R Test, as well as the other color tests, was given in our kandsigmt 
laboratory where there is some control over the illumination. The room is shielded 
fVom oufeide light as well as from other sources of illumination that might have 
appreciably affected the. results of the test. 

The test plates were illuminated by a number of ceiling light fixtures, each 
housing daylight-type fluorescent tubes and covered by diffusers. This illumination 
was roughly equivalent to a CIE Standard Illuminant C.^ The in,tensity of the 
illumination at desk level (i.e., on test plates) was between 100 and isb fbotcandles. 

The test was administered individually to each partially sighted subject. The 
subject was seated about 30 inches from the test plates, but was allowed to pick them 
up and move them as close to his eyes as he pleased. He was first shown the four 
demonstration plates. These indicated to him that there may be two, one, or no 
colored geometric symbols (0, X, A) on a plate, and that the symbols.may appear in 
any of the four quadrants of the plate. The subject was told that the other plates 
might have similar designs in varying intensities of color and that only colored 
symbols were to be reported. He was then shown the remaining 20 plates, one at a 
time, and asked to name the^ color and/or the symbol(s) seen. 

'Observations 

1. The testing procedure foi- the AO H-R-R Test states that the test is to be 
administered under illumination by a CIE Source? C or a close approximation to such 
asource, and that the test plates be uniformly illuminated at an intensity of between 
10 and 60 footcandles when held about 30 inches from the spectacle plane (eyes) and 

Source C i*^ an approximate represoiUation ufavuMge davliiihl ami hah a color tt'tnper<ilurf ofaboul 



62 



ptM-ptMidicular to the v^isual axis of the subject s eyes. (Note that many partially 
sighted subjects cannot function under these conditions.) 

2 Almost all the partially sighted subjects hati to hold the test plates much 
closer to their eye(s) than 30 inches, and, as a consequence, their heads and other 
parts of their bodies tended to block out some of the light that was supposed to 
illuminate the test plates. 

3. Subject response to the test plates did not improve even with illumination 
as great as 150 fbotcandles. . ' | 

4. The subjects tended to tilt the test plates so that the light reflected from 
those plates was appreciably reduced. 

5 The test does not measure color deficiencies alone, but rather the ability of 
a subject t9 detect colored geometrical objects that are embedded in a confused 
background- Although this may not cause any appreciable problem for the normally 
sighted, it plays havoc with many partially sighted people. We conjecture that it is 
one of the prime reasons that many of them fail to perform WbU with this test. 

6 In this test and in all the other color tests, the examiper made sure that the 
subjects were not wearing any type of tinted glasses or contact lenses, as such lenses 
would have invalidated the test. . - ' 



COLOR CHIP TRANSMISSION TEST 

We searched the available color vision tests in order to find one that would allow 
us to rapidly screen the color discrimination of the partially sighted and demon- 
strate to those w ho had some color vision that they could see some colors even if they 
did not have perfect color vision. ^Ve were not able to find a ready-made test that 
fit our needs, and therefore member^ of the project staff decided to design and 
construct one of their own. The following criteria were used in designing the test; 

1. It must be simple so that it can be administered rapidly and by nonprofes- 
sionals. 

2. It must be rugged, portable, and inexpensive. 

3. The test materials must be readily available from commercial sources. 

4. The dye in the test materials must be relatively colorfast. 

5. Spectrophotometric curves should be available or easily obtainable, and 
the quality control standards used in preparing the test materials must be 
available in print. 

6. .The illumination should be evenly distributed over the test area. 

Test Description 

The test we, designed we call the Color Chip Transmission Test (CCTD. It con- 
sists of: 

L A mobile light source GE Model Ll-FV-4-X-ray illuminator. The overall 
dimensions of this "light box** are approximately 14.inches wide, 20 inches high, and 
7 inches deep. This plastic container houses two fluorescent tubes, and its front face 
is a piece of frosted glass about 16 inches wide by 18 inches high. A clip-type holder 
containing a micro-switch is located at the top and front of the plastic container. 
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When the test-holder (described below) is pushed into the cHp, the light box is 
illuminated, and when it is removed, the illumination is turned off. 

2. A test-holder—a piece oCblack, nonreflecting, thin art board (about 15 inches 
wide by 18 inches high) that completely covers the frosted glass. The test-holder has 
12 holes, each one inch in diameter, arranged symmetrically and evenly spaced in 
4 rows and 3 columns, 

3, Color test targets— 1 1 plexiglass^ transparent plastic color chips. Each chip 
is a 2-inch square, and each is taped to the back of the t6st-holder behind one of the 
12 holes. The following 11 chips were selected for this test lyaterial (the names and 
numbers in parentheses are those of the manufacturer, Rohm & Haas): Amber 
(2422», Dark Blue (2424), Medium Blue (2069), Bronze (2370), Colorless (125i, Gray 
^^2064), Dark Green (2093), Medium Green (2404), Red (2423). and Yellow (2208). 

One of the holes in the test-holder' was not covered by a test target, because we 
wanted to use it to determine whether the color temperature of the illuminator was 
influencing the test results. Schematically, the array of colors.seen by the subject 
has the following arrangement: 

Blue , . Green Red 

Blue, medium Green, medium Amber 

Blank GrDen, light Yellow 

Bronze Colorless Gray 

4 Occluders— a series of black pieces of cardboard that cover one or more of 
the 12 holes in the test-holder. These allowed the examiner to choose selectively 
which color target(s) the observer viewed aad/or how nialiy he viewed at one time. 

Test Administration 

The CCTP test mis administered individually to each partially sighted subject. 
The subject was seated before the color display and was allowed to move to any 
position in which he felt most comfortable. Depending on'the subject's preference, 
the overhead room lights were MX on or turned off. as this did not affect the color 
discrimination of the subject. The subject was asked to name the colors starting on 
the top line of the test-holder and going from lpf\ to right (the colors on the top line 
are the most highly saturated). 

If tfljte^ubject had trouble with any of the color targets, the occluders were used 
to deter^iin^e whether his problem arose from the brightness of neighboring targets 
or fronim^ofiability to see the color of the target. Another technique used if the 
observer s^'£oiponses were questionable was to rotate the test-holdei- 180 degrees and 
repeat the tests. 

Unlike other color tests used in this research, the CCIT allowed the examiner 
to tell rapidly if the observer was having trouble seeing the test targets and to make 
changes in the testing technique that oflen corrected the difficulty. It was common 
for partially sighted subjecls to complete this test in less than ten minutes. 
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Observations 

,1. In this test and in all other color tests the subjects were given encourage- 
ment and told how well they were doing. The^ emphasis was always on 
what colors they saw rather than on those they could not see. 

2. If the subject had a color defect, an attempt was made to acciuaint him 
with the colors that gave him difficulty. 

3. The color targets could easily be removed for cleaning (or changing). 

4. No attempt was made to.match the color targets for equal brightness. 
• 5, The target size was arbitrary. 

6. Ajl the exponents of this test are easily obtainable and relatively inpxj)en- 
sive 

7. Although we used only one set of targets and one arrangement of targets 
for testing the partially sighted, it is simple and inexpensive to use oUier 
targets and to make many different types of test-holders (e.g., for ele- 
mentary school children, a *'iouk-aHke" color test, a test of color targets 
of equal brightness, special tests for different color deficien<'i»»sr^tc.). 



THE STANDARD FARNSWORTH.DICHOTOMOUS TEST FOR 
COLOR blindness; PANEL D-15 

The Standard Farnswortlr D-I5 Tes/ialso referred^oJiere as the Std. 0-15 Test) 
is designed to indicate severe color blindness clearly and quickly (i.e.. to distingui.sh 
the functionally color blind from the moderately color defective and the normal). 
This test was chosen because it is easy to administer, gives reliable ic\.ults, and is 
less dependent on the quality of illumination than many other te^ts of color vibion. 

There were three objections to its use: * 

L The area of test color it presents to the partially sighted subject is too 
small. 

• 2. The dye in the test material is very sensitive to the acid in a subject s 
hands. 

3. The subject s head tended to obstruct the light falling on the test material 
Test Description 

The Std. D-15 Test consists of 16 black Bakefltj? caps about % inch in diameter 
Each cap has a'^if,-incji circular depression in which a Munsell paper color fits. Th 
16 caps fit into a wooden rack about 2 inches wide, III2 inches long, and lU inches 
high. The rack is made of two hinged panels that are painted black on the ii\sicte. 
One of the panels serves as n test rack, and one color cap is fixed permanently at 
one end of the bottom of this panel, this fixed cap is called the "Reference Cap." The 
other 15 caps are numbered (on the bottbnU 1 to 15. and when placed in the rack 
in proper order they form an inconiplete color circle running from blue through 
blue-green, green, green-yellow, yellow, etc, up to purple. Tl 0 numbers on the 
bottom of the caps fbrm an increasing hcquenco from 1 to 15. Both the color (inie) 
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and brightness {value) used jn each capjiave been carefully selected to make the test 
reasonably (but not unreasonably) diflicult for the normally sighted subject. 
The illumination on the color x;aps was the same as in the AO H-R-R Test, 
' namely, between 100 and 150 footcandles. 

Test. Administration 

The Std. D45 Test was administered individually to each partially sighted^ 
subject. The subject was seated at a desk, covered by a black cloth, and the caps were 
removed from the rack, placed on the cloth with the color facing upward, and 
thoroughly mixed. The subject was told that he was not to turn the caps over at any 
time during the test. He was instructed to pick up the cap closest in color to the 
Reference Cap and place it in the rack next to that cap. He was then told to choose 
(ronrthe remaining 14 caps the one that was closest in color to the cap he had placed 
in the rack and to place the newly selected cap next to it. He repeated this process 
until he had placed all 15 caps in the rack. He could pick upihe caps to compare 
them arid/or rearrange them at any tipie during the test. He was advised iiot to 
touch the color paper in the caps and was told why this was important. The subject 
w as also told that he was going.to be timed and that he should inform the examiner 
when he was ready to start and when he had finished. 

If the examiner saw that the partially sighted subject was not abl^ to perform 
the test, he discontinued it, being careful not to jeopardize the subject s self confi- 
dence. 

After the subject finished the test, the examiner turned the caps o.ver and, 
beginning with the cap next to the Reference Cap, he recorded the numbers on the 
bottom of the caps on a scoring sheet in the order in which they were arranged by 
the subject. He also recorded the. time it took the subject to complete the test. 

Observations 

1. Normally sighted subjects usually complete this test in 60 seconds or less. 

2. The color.caps were all checked for ^jquivalent brightness with the help of 
our pseudocolor system. This check showed that all 16 color caps were very close to 
having the same gray value and, hence, were of uniform brightness. 

3. This test discriminates three types of anomalous color vision but does not 
measure the extent of deficienc>. These three types are protan (commonly called 
red blind), deutan (commonl> called green-^blindJ, and tritan (commonly called blue- 
blind). 

4. This test and its modified form (described below) were the only tests where 
we recorded formal scoring and timing, 



THE MODIFIED FARNSWORTH DICHOTOMOUS TEST FOR 
COLOR BLINDNESS, PANEL D-IS 

^ From our early observations of\partially sighted subjects who were taking the 
Std. D45 Test, we concluded that they might perform better, or at least with much 
less strain, if the color caps were larger and contained.a larger circle of color. To test 
this conjecture, we made a set of 16 caps that have an outside diameter of 1>8 inches 
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and that contain a circle ofcolor 1 inch in diameter. The colors used in these caps 
were the ^ame as those used in the Std. D-J5 Test. Since the Std. D-15 Test uses caps 
with a circle ofcolor "loinch in diameter, the Mod. D-15 Test provides tlie subject 
with circles ofcolor that are more than five times as large in area as those provided 
by the Std. D-15 Test. 

Test Description ' 

lixcept for the increa.se in the she of the caps and the circle ofcolor in these 
caps, the Mod. D-15 Test is not essentially different from the Std. D-15 Test. 

Test Administration 

* f 

The Mod/l3-J5 Test was administered in exactly the same way as the Std. D-15 
Test. However, when both of these tests weie administered (as was the case with 
most of the 19 subjects reported on below), the order in which the tests were adminis- 
tered to a subject was chosen by a random device ahe (lip of a coin). 



RESULTS OF THE TEST& 

Table 8 summarizes ihe test results obtained with the ci^operation of 19 partial- 
ly sij^hted subjects who were given the (bur color vision tests described above. Col- 
umn 1 in the table contains the subject s identification code number, Column 2 
contains the subject's major visual disorders; the following abbreviations are used 
in this column: ret. det. for retinal detachment, RP for rc^tinitis pigmentosa, cong. 
cat for congenital cataracts, mac. deg. for macular degeneration, cat. surgery for 
cataract surgery, diab. retinopathy for diabetic retinopathy, RLP for retrolental 
fibroplasia, and.path. myopia for pathological myopia. Column 3 contains the sex of 
the subject, col. 4 gives the age of the subject, and col. 5 indicates whether significant 
scotomas appeared to be obstructing portions of the subjects visual field. Columns 
6 and 7 give, for the right and lefl eyes, respectively, the subject's distant visual 
acuity. Since we did not attempt to carry out a thorough refraction of the subject's 
vision, the acuities shown in these columns may not be the best distant visual 
acuities that the subject could achie\e with the aid of spectacle lenses grou^id to his 
coriect prescription. ' 

Columns 8 through 13 give data concerning the subject's near visual acuity 
tVA), Column 8 gives the distance between the subjects right (ODi eye and the test 
reading card (the working distance WD) when he read the smallest print that he 
could on that card, and col. 9 gives the equivalent Snellen acuity of his right eye 
associated with that line on the test card. Columns 10 and 12 give data, similar to 
that given in col. 8, for the leR eye tOS) and for both eyes tOU), respectively. 
Likewise, cols, 11 and 13 give similar data to that given in col. 9 for the lefl eye and 
both eyes, respectively. The symbols <}> and LP used in cols. 6, 7, 9, 11. and 13 stand, 
respectively, for no vision at all and for light perception. Column 14 contains letters 
that Identify the test card that was used in gathering the near vision data appearing 
to the lefl of the letter. L stands for the Lighthouse Near Acuity Test card, and H 
standi: for the J. G. Rosenbaum Vision Screener card. The Lighthouse card calls for 
testing the subject with a 40-cm eye-to-card separation, and tl^e Rosenbaum card 
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Willi a L4-iiich separation. Since most pni tialiy sighted people do not noi niallv read 
at these distances and thus would perform far below their capability, we permitted 
them to move the test cai-ds as close to thoir eyes as was comfortable. In most cases, 
our subjects moved the cards closei- to their eyes than was i-ecommended for testing 
on the cai'ds. Also, the distance betweeii (heir eyes and-t-^e test cards tended- to 
decrease dramatically as they progressed to smaller and siiiallBr print. 

Columns 15 and 16 give results obtained from the Standard Njirnsworth D-IS 
Test Column 15 gives the indicated state of the subject's color vision, and col. 16 
' gives the time in seconds that it took the subject to complete the test. Sometimes, 
the test \vas repeated more than once, and the results Ibv each trial are given in the 
table. The reader will recall that- a; deu tan is oife whose vision is deficient in the 
greens, and a tritan is one whose vision is deficient in the blues The term "Margin- 
al" indicates that the subject's color vision was normal but that the results appeared 
to be marginally normal. Columns L7 and 18 give results obtained from the Modified 
Farnsworth D-15 Test. The description of col. 17 is the same a^ that of col. 15, and 
the xiescription of coh "18 is the same as that of col. 16. 

Columns 19 and 20 contain results fronj the Color Chip Transmission Test. 
Column 19 indicates the number of test targets the subject identified correctly. Here 
12 is a perfect score. Column.20 giyes the (est targets that the subject was not able 
to identify correctly. The following abbreviations were used: B for blue. 0 for green. 
mB for medium blue, mG for medium green, A-lbr amber (orange). Bk for blank. IC, 
for light green, Y for yellow, Bz for bronze (brown). C for colorless, and Gv for gray. 
It is interesting to note that all 19 subjects were able to recognize the red test tar|^et. 

Column 21 contains the results from the American Optical Handy-Rand-Rittler 
Test. Here we indicate only whether the subject could' not cope with the test or 
whether it indicated thsfTlie had normtfl vision. The e.xperimenter found that none . 
of the partially sighted who took this test and who by other tests appeared to have ' 
color deficiencies were able to cope with (his test. 

Only a tew-ebnclusions can be drawn from the results shown in Table 8. The 
average time. for a total of 24 trials of the Std. D-15 Test was 149 seconds. The 
average time i;equired for 26 trials of the Mod. D-15 Test was 119 seconds. In a 
clinical envlronmejit, the difference between 2 and 2.5 minutes to. perform color 
screening may not be important edough to justify a change in procedure. However, 
the fact that in four cases the use of the Mod. D-15 Test allowed the e.xiiminer to 
make a definite decision rather than a marginal one is strong evidei..e in favor of 
the modified test and. if confirmed by further festing, may constitute sufficient 
evidence in favor of substituting (he modified test for thestan'daid test when testing 
partially sighted patients. The four cWes referr ed to above are numbers 5,^,6, 7, and 

There appears to be"feome correlation between the results from the Farnsworth 
tests and (he (ransmission (est in that for those subjects for whom a specific type 
of color deficiency was de(ec(ed by (he Fai-nsworth tests, at least the same color' 
deficiencies were indicated by the results of-the transparency (est. : 



^ Appendix 

CHROMATICITY ANALYSIS OFCONRAC MONITOR 

by Roy R Stratton 



CONRAG COLOR TV MONITOR CHROMATICITIES 
Given the following: 

Red: ' x = .630, y = .340, 
Green: x= .310,- y = .595, 
' ' Blue: X = .155, y = .070, 

White: x = .314, y = ,32fl (6500^K). * 

Let R.^G, and B be the relative amounts ofthe three primaries required to produce 
650()1< white so that R + G 4 B = 1.0000. Then 

.630R + .310G + .15,53 = .314, 
- • , .340R + .595G,+ .0703.= .324, y 
- R + G + 3 = 1.000. 

Solving these three simultaneous equations yields 

R = .2125, 
G = .3745, 
B = .4130. 

Assume that we use the Weston meter whose spectral response is the same as 
th'. human eye. (This is not necessary foi- chromaticity determination but is neces- - 
sary for relative luminosity determination,) then by substitution of meter reading 
ratios in the above equatibn, the chromaticity becomes 

■1339Kr + .li eiKg + .OsIoKr 



.2125Kr + .3745Kg + .413OK3 

■0723KR + .2228KG +..0289Kb 
^ " .2125Kr + .3745KG + -^ISOKb 



LUMINOSITY OF IMAGE 

There is no way of calculating luminosities from chromaticities— we must ei- 
ther^/j/iou> the spectral energy disti-ibulidn of the primai-ies or must mmmn the 

' These <I;ita weif .supplied l)y The C'oiirne (Vrporalion.'Coviiin. Ciilifbriiiii. ^' 
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lunjiino^iU of the primariub with o metur whose res^poni>e is the .same an the visual 
system, . ' • ' 

Let us assume the maximum luminosit> oftheGoOO'K white point LOOOuvith 
iill knob settings at 15i. Determine the normalization factor f such that 



Then the luminosity L of any combination is 

Let M meter I'eadings (or each of the three primaries at various knob posi- 
tions with the other two primaries completely off; that is, 

MjR,^ = meter reading (footcandles) of the red primary at position 7. 

Let R', G', and B' be the amounts of primar ies (or a particulai- combination of 
knob settings. 

Let Kfj, Ky, and K,, be ratios of" meter readings with any given primafy at knob 
setting n (n 0, L 2 15) compared "with knob setting 15 (maximum) or 

Mj 
'n 



where i = R, G, or B. Then 



R' = RKr = .2125Kr, 
G' = GKg = .3745KG, 
B' =BKb = . 4130Kb. 



.CHROMATICITY OF VARIOUS MIXTURES 

.630R' + .310G' + .155B' = x(il' + G' + B'), 
■ .340R' + .595G' + .070B' = y(R' + G' + B'), 
.630R' + .310G' + .155B' 



X = 



R' + G' + B' 



= -34 O R' + .SQS G' + ■070B' 
^ " R' + G' + B'^ 



ERIC 
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